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The  threat  of  the  um  of  organophosphorous  compounds  in  obeaioal 
Mrfirt  has  iaplioations  for  tha  aafaty  of  military  pilots.  Military 
personnel  in  high  throat  environments  aro  issued  atropine  for  solf 
administration  as  an  antidote.  Both  the  toxic  ohoaioal  ooapound  and 
the  antidote  oan  pose  serious  problem*  for  the  pilot.  Previous 
investigators  have  reooaaended  2-ag  atropine  sulfate  lnjeotiona  for 
subjects  with  suspected  poisoning  by  a  ohealoal  agent,  but  they 
reported  that  V-ag  lnjeotiona  in  the  abaenoe  of  such  poisoning  aight 
produoe  signifioant  side  effects.  They  found  that  the  first  sign  of 
the  effects  of  atropine  was  bradyoardia  followed  by  an  ino?ease  in 
heart  rate.  In  studies  using  higher  levels  of  atropine  (up  to  12.95 
ag),  olinloal  syaptoas  have  been  described  as  a  parasyapathetlo  block, 
aanlfested  by  syaptoas  suoh  as  taohyoardia  and  dryness  of  the  aouth, 
followed  by  diffuse  oentral  nervous  systea  effects  of  longer  duration 
(typloally  10-12  hours).  They  found  that  the  effective  dose  of 
atropine  sulfate  that  inoreaaed  heart  rate  was  1.32  ag  and  the  BD50 
that  decreased  cognitive  perforaanoe  was  4.71  ag.  The  physiologloal 
effeats  appeared  and  dlaappeared  aore  quickly  than  the  perforaanoe 
deoreaents.  In  another  study,  perforaanoe  lapairaent  in  routine  tasks 
was  found  3  1/4  hours  after  final  injection. 

The  0.3.  A  ray  has  authorized  soldiers  to  aarry  three  auto- 
lnjootors  eaoh  containing  2  ag  of  atropine  sulfate.  In  the  event  of  a 
suspected  anticholinesterase  exposure,  allitary  personnel  are 
instructed  to  2  ag  lntraausoularly  and  to  repeat  the  lnjeatlon  20 
alnutee  later  if  they  are  not  experiencing  the  effects  of  atropine 
(e.g.,  taohyoardia  and  dry  aouth).  Therefore,  it  is  possible  that  up 
to  4  ag  of  atropine  sulfate  aay  be  used  by  a  allitary  aviator  who 
suspects  exposure,  but  was  not  exposed  to  an  organophoaphate  agent. 

While  previous  experlaenters  have  adequately  described  gross 
perforaanoe  effects  of  atropine,  an  evaluation  was  needed  to  determine 
the  effects  of  atropine  sulfate  on  the  perforaanoe  of  ooaplex 
psyohoaotor  tasks  in  aviators.  The  use  of  flight  slaulators  to 
col  loot  data  on  the  ef  foots  of  drugs  on  pilot  perforaanoe  was 
attractive.  The  purpose  of  the  present  atudi  was  to  examine  the  effeat 
of  atropine  sulfate  on  pilot  perforaanoe  sad  to  investigate 
physiologloal  oorrelates  of  this  effect,  flight  simulator 
perforaanoe,  Sternberg  task  perforaanoe,  and  subjective  assessments  of 
pilot  errors  were  used  to  ex&aine  the  perforaanoe  effects.  To  assess 
the  ohysiologioal  effeots  of  atropine,  changes  la  eleotrooardlograa 
(ECO)  and  subjeotive  syaptoas  were  reoorded.  Heart  period  and  heart 
period  variation  inforaation  was  derived  from  the  ECO  recordings,  and 
the  varianoe  within,  the  heart  periods  was  partitioned  into  an  estiaate 
of  RSA  aaplitude  (V). 


Method 


The  equipment  used  to  oolleot  flight  performance  data  during 
Instrument  flight  rules  (IPR)  flight  oonsiated  of  s  fixed-base  flight 
simulator  with  its  own  digital  oomputer.  A  second  oomputer  was  used  to 
record  digital  performance  data  and  to  drive  a  speech  synthesiser  to 
generate  and  present  auditory  stimuli  to  the  simulator  cockpit. 

Twenty  healthy,  male  general  aviation  pilots  ranging  in  age  from 
19  to  30  years  (mean  22  years)  served  as  aubjeots.  The  flight 
experience  ranged  from  112  to  1150  flying  hours  with  a  mean  of  307 
hours  experience.  Simulator  experience  for  the  aubjeots  ranged  from  5 
to  100  hours;  nineteen  subjeots  each  had  at  least  19  hours  of 
experience,  with  a  mean  of  37  hours. 

The  experimental  soenario  included  a  primary  task,  flying  the 
simulator  using  standard  instrument  flight  procedures;  and  a  secondary 
task,  the  Sternberg  choice  reaction  time  task.  The  primary  task  was 
representative  of  tasks  that  pilots  typloally  perform  when  flying 
under  IFR  conditions.  The  secondary  task  was  representative  of 
ooamunioatlon  tasks  that  lnarease  workload  by,  requiring  the  pilot  to 
receive,  understand,  and  respood  to  verbal  information. 

The  primary  task  consisted  of  a  direot  entry  to  a  holding 
pattern,  the  execution  of  three  holding  patterns,  and  a  simulated 
Instrument  Landing  System  (ILS)  approaoh.  Throughout  the  primary 
task,  the  flight  parameters  of  altitude,  rate  of  turn,  looaliser,  and 
glides lope  trucking  were  sampled  at  1  Bi  by  the  oomputer.  During  the 
flight,  the  Sternberg  task  was  randomly  presented  as  a  secondary  task 
to  lnarease  the  workload  of  the  subject. 

Physiological  recordings  of  five  minutes  of  SCO  and  respiration 
data  were  recorded  following  each  simulator  flight.  After  the 
physiologioal  recording  session,  subjeats  answered  a  13-item  symptoms 
aheokliat. 

The  experimental  sessions  included  simulator  flights  and 
physiologioal  recording  periods  alternating  on  20-mlnute  oyoles  for 
three  hours  post-injection.  Pour-hour  experimental  sessions  were 
scheduled  one  week  apart  for  seven  oonsecutlve  weeks.  The  subjects 
completed  two  training  sessions  whioh  acquainted  them  with  holding 
procedures,  ILS  approaches,  and  the  Sternberg  task.  The  first 
atropine  sulfate  injection  was  given  during  the  third  session. 

Pour  levels  of  atropine  sulfate  and  a  placebo  were  administered 
to  eaoh  of  the  20  subjects  over  the  course  of  five  experimental 
sessions.  A  five  by  five  Latin  Square  design  was  used  to  be  lance  drug 
order  effects.  There  were  four  subjects  per  group  and  each  group  had 
a  different  treatment  schedule. 
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All  drug*  were  administered  aooording  to  subject  weight.  The 
subjeots  reoeived  atropine  injeotlons  of  0,  0.006,  0.013,  0.026,  and 
0.053  ag/kg,  whioh  oorreaponded,  respectively,  to  the  0,  0.5,  1.0, 
2.0,  and  4.0  mg/75  kg  treataent  conditions. 

The  flrat  flight  for  eaoh  experimental  aeaaion  served  aa  a 
baaeline  flight.  Following  the  firat  flight,  the  appropriate  level  of 
atropine  aulfate  was  adalnlatered  during  the  reat  period  after 
baaeline  phyalologioal  data  had  been  collected.  Performance  data  on 
the  primary  nod  secondary  tasks  were  oolleoted  for  the  remaining  five 
fligbta.  SCO  and  respiration  rate  were  reoorded  during  the  reat 
periods  following  the  remaining  five  flights.  All  data  were  oolleoted 
under  double  blind  conditions. 

A  Latin  Square  within  aubjeots,  repeated  measures  analysis  was 
used  for  statistioal  analysis.  This  plan  assumes  that  treataent, 
experimental  session,  and  flight  are  fixed  effects  and  that  subjects 
within  the  groups  is  a  random  variable. 


Results 


Six  root  mean  square  (RMS)  deviation  valuea  were  computed  from 
simulator  flight  data!  altitude  error  while  straight  and  level 
(ALT1)f  altitude  error  while  turning  (ALT2)j  turning  rate  control 
while  straight  and  level  (TCD)  turning  rate  oontrol  while  turning 
(TC2);  looallser  (lateral)  traoklng  error  (L0C)|  and  glldeslope 
(vertical)  traoklng  error  (03). 

The  mean  RMS  errors  were  plotted  as  a  function  of  time  (flight) 
for  each  of  the  six  primary  task  dependent  variables  for  the  five 
treatment  oonditions.  The  predominant  treatment  effeat  was  the  time 
oourse  of  the  4.0  ag/75  kg  treataent  oondltion.  for  all  dependent 
variables,  the  inoreased  mean  RMS  error  for  the  4.0  mg  treataent 
oondltion  was  apparent  for  the  seoond  post-injeotion  flight  (time 
1i00)  and  oontinued  to  inorease  or  to  remain  essentially  the  same 
throughout  the  remainder  of  the  experimental  session.  There  appeared 
to  be  no  difference  between  the  oontrol  and  the  0.5  and  the  1.0  ng 
treatments.  The  2.0  mg  treataent  oondltion  showed  inoreased  RMS  error 
for  some  time  periods  and  variables. 

A  multivariate  analysis  of  variance  (MANOVA)  was  used  to  test  the 
main  effeots  and  the  first  order  interaction  ef feats.  An  approximate 
F-Test,  based  on  Milks'  Criterion,  indicated  a  significant  treataent 
main  effeot,  but  session  and  group  were  not  significant.  The 
treataent  x  flight  interaction  was  significant,  but  other  interaction 
effeots  were  not  significant. 


An  analysis  of  varlanoe  (AHOVA)  showed  significant  treatment 
effeots  for  each  of  the  six  primary  task  dependent  variables.  Linear 
oootrasts  between  the  oontrol  and  each  of  the  four  treatment  levels  of 
atropine  indicated  that  the  treatment  effeot  was  primarily  due  to  the 
0-4  contrasts,  which  were  significant  for  all  six  dependent  variables. 
The  contrast  between  the  control  and  the  2.0  mg  treatment  level  for 
altitude  oontrol  while  turning  was  significant.  The  main  effeot  of 
flight  was  significant  for  five  of  the  primary  task  dependent 
variables  (LOC  was  the  only  exception).  The  treatment  x  flight 
interaction  was  significant  for  four  primary  task  dependent  variables. 

MANOVAs  for  eaoh  flight  showed  that  the  treatment  main  effect  was 
significant  for  flights  3,  4,  5,  and  6,  but  not  for  flights  1  and 
2.  AMO V As  for  eaoh  of  the  six  primary  task  dependent  variables  for 
eaoh  flight  indicated  no  significant  differences  for  any  of  the  depen* 
dent  variables  for  flights  1  and  2,  but  significant  differences  were 
found  for  three  of  the  primary  task  dependent  variables  for  flights  3» 
A,  5 ,  and  6,  and  for  the  other  three  variables  for  at  least  the  last 
flight.  Contrasts  were  computed  between  the  oontrol  and  eaoh  of  the 
other  treatment  conditions.  The  primary  looi  of  the  performance 
decrements  are  in  the  0-4  contrasts. 

Standardised  RMS  soorea  for  five  of  the  six  primary  task 
dependent  variables  showed  a  monotonio  irorease  from  the  0.5  to  the 
4.0  mg  treatment  level  for  the  fifth  flight. 

Tracings  of  lateral  tracking  for  the  holding  and  approaob  phases 
of  the  simulator  flight  task  were  soored  for  "procedural"  and  "fatal" 
errors.  Due  to  laok  of  inter-rater  reliability,  the  results  of  the 
"procedural"  and  "fatal"  error  analysis  were  not  inoluded. 

The  overall  intrusiveness  of  the  Sternberg  task  on  the  primary 
task  was  tested  and  found  to  be  minimal.  The  findings  also  indicate 
that  performance  on  the  Sternberg  task  did  not  differ  between  drug 
treatment  levels. 

Peroent  aoouraoy  and  reaotion  times  were  plotted.  Compared  to 
the  approach  phase,  higher  aoouraoy  and  faster  response  times  were 
found  for  the  holding  phase  for  both  positive  set  sizes,  2  and  4;  the 
data  lie  in  completely  non-overlapping  clusters.  The  data  indicate 
that  the  Sternberg  task  was  a  good  secondary  task.  The  random  pattern 
of  data  for  the  2  and  4  positive  set  size  and  across  the  different 
treatment  levels  within  the  approaoh  and  the  holding  phases  dearly 
indicates  that  there  were  no  speed-aoauraoy  trade-offs  as  a  function 
of  treatment  level. 

The  mean  true  and  false  reaotion  times  for  the  five  post- 
injeotion  flights  were  plotted  as  a  function  of  positive  set  size  (2 
and  4)  for  eaoh  of  the  treatment  levels.  No  treatment  effeots  were 
found  during  either  the  holding  or  approaoh  phases.  During  the 
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bolding  phase,  tbo  slopes  for  th«  true  reaction  times  were  positive 
and  the  true  reaotion  tinea  were  faster  than  the  false  reaction  tines. 
These  results  are  oonsistent  with  the  Sternberg  model.  The  negative 
slopes  of  the  false  reaotion  tines  for  the  bolding  phase,  however,  are 
not  oonsistent  with  the  Sternberg  model. 

An  AMO?  A  indicated  that  there  was  no  treatment  main  effeot  for 
the  reaotion  tine  variable,  nor  were  the  flight,  positive  set  else, 
group  or  period  nain  effects  significant.  The  true-false  aain  effeot 
was  signlfioant  and  the  true-false  x  positive  set  else  interaction 
was  signlfioant. 

The  tCQ  data  were  digitised  and  the  aeaa  heart  period  (MHP),  the 
heart  period  varlanoe  (HP?),  and  ?  were  oonputed.  The  ?  and  the  HP? 
wore  transformed  using  a  natural  logarithm  transformation  to  normalise 
the  distributions.  Means  for  tho  MHP,  HP?  and  ?  distributions  were 
oonputed  for  each  treatment  oondition  for  each  of  the  six 
physiologloal  recording  periods. 

The  neans  for  the  heart  period  data  revealed  that  there  was  a 
deorease  in  MHP  for  the  4.0,  2.0,  aud  1.0  ng  treatnent  conditions  for 
the  first  post-lnjeotlon  tine  period  (>35).  The  peak  effeot  for  the 
4.0  ng  treatnent  oondition  ooourred  during  this  period  and  was 
followed  by  a  gradual  reoovery  which  was  still  in  progress  at  the  end 
of  the  experimental  session.  The  tine  course  of  the  2.0  ng  treatnent 
condition  was  sinilar.  The  peak  effeot  of  the  1.0  ng  treatnent 
oondition  ooourred  during  the  seoond  ^ost-lnjeotlon  period  (It  15) 
followed  by  a  gradual  reoovery  whlob  was  ooaplete  by  the  fifth  post- 
lnjeotion  period  (3>15).  The  0.5  ng  treatnent  oondition  showed  an 
lnorsaae  in  the  nean  heart  period,  followed  by  a  reoovery. 

The  HP?  and  ?  means  indicated  similar  dose-response  time  trends 
for  the  4.0,  2.0,  and  1.0  ng  treatnent  oondltions  as  those  observed 
for  the  MHP  treatnent.  The  neans  for  the  0.5  ng  treatnent  oondition 
were  not  slgnifioently  different  from  the  control  nean  for  any  of  the 
post-injection  tine  periods  for  either  HP?  or  ?. 

AHOVia  for  MHP,  HP?,  and  f  indicated  that  the  nain  effeots  of 
treatnent  and  tine  were  signlfioant  as  was  the  treatnent  x  tine 
interaction,  but  the  group  and  experimental  session  nain  effeots  were 
not  significant.  ADO? As,  oonputed  for  each  post-lnjeation  tine  period 
for  eaoh  dependent  variable,  indicated  that  eaoh  post-injection  tine 
interval  was  signlfioant  for  eaoh  of  the  three  dependent  variables. 
Linear  contrasts  between  the  oontrol  (0)  and  the  2.0  ng  and  between 
the  control  and  the  4.0  ng  treatnent  conditions  for  all  three 
dependent  variables  were  significant  for  ii;  post-injeotion  tine 
periods,  whloh  indicated  that  the  MHP,  HP?,  and  V  all  failed  to  return 
to  the  oontrol  level.  The  0-1  contrasts  Were  significant  for  the 
first  three  post-injection  periods  for  HP?  and  for  the  seoond,  third, 
and  fourth  post-injeotion  periods  for  MHP  and  V.  The  0-1  contrasts 
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were  not  significant  for  the  final  post-injection  period  for  any  of 
the  three  dependent  variables,  whioh  indicated  reoovery  for  all  three 
dependent  variables  at  3*15  poat-injeotion  for  the  1.0  eg  treatment 
condition.  Done  of  the  contrasts  were  significant  between  the  0  and 
0.5  ag  treataent  conditions  for  HPV  and  V  and  only  the  first  oontrast 
for  the  * 35  post-injection  period  and  the  last  (3:15)  for  MHP.  The 
first  oontrast  was  the  result  of  a  significant  increase  in  tho  MtyP. 
The  0.5  ag  treataent  condition  bad  no  significant  effeot  on  HP?  or  V. 

The  SD50s  of  the  atropine  for  the  three  dependent  variables  were 
estiaated  using  probit  analysis.  The  quantal  response  used  as  the 
criterion  was  a  305  deorease  in  MHP,  HP?,  or  ?.  The  nuaber  of 
individuals  that  had  a  305  deorease  for  eaoh  treataent  level  was  used 
for  the  probit  analysis  for  eaoh  dependent  variable.  The  ED50s  of 
atropine  for  the  305  deorease  were: 

(a)  MHP  >  2.52  ag  CX?(2,  N«4)  »  2.57,  £>.28)| 

(b)  HP?  «  1.61  ag  CX?<2,  H»4)  •  6.58,  £*.04);  and 

(o)  f  •  0.98  ab  0^(2,  N«4)  »  1.21,  £*.55). 

When  the  ED50s  of  the  three  dependent  variables  were  ocapared,  RSA 
amplitude  (?)  was  the  aost  sensitive  indicator  of  the  vagolytic 
effects  of  atropine  sulfate. 

ED50s  were  estiaated  for  6  syaptoas  using  problt  analysis.  The 
ED 50  estiaate  for  the  syaptca,  "Dry  Mouth,"  was  0.34  ag;  "Difficult  to 
Swallow,"  2.11  ag;  "Hard  to  Read  Checklist,”  3*29  ag;  and  "Pluttery 
Chest,"  5.07  ag  of  atropine.  All  estlaates  provide  a  good  fit  to  the 
estiaated  probit  line.  Good  fits  to  the  probit  line  estimate  were  not 
obtained  for  "Racing  Heart",  with  an  estiaated  BD50  of  2.58  ag;  and 
for  "Lights  Bright,"  with  an  estiaated  ED50  of  4.28  ag. 

Nineteen  of  the  twenty  subjects  ooapleted  a  post-partlolpation 
questionnaire.  All  persons  receiving  4.0  mg  of  atropine  sulfate 
peroelved  the  effects.  About  two-thirds  complained  of  visual 
problems;  approximately  one-third  complained  of  dizziness,  headache, 
fatigue,  and  oonfusion;  eleven  (595)  reported  that  the  symptoms  were 
worse  than  expeoted  and  would  not  participate  in  a  similar  experiment 
again.  The  side  effeots  of  the  4.0  ag  treataent  level  were  felt  for 
an  average  of  14  hours  with  a  range  of  2  to  48  hours  reported. 


Disoussion 


The  results  from  the  primary  task  dependent  measures  clearly 
indicated  the  effeots  of  atropine  on  pilot  performance.  The  4.0  mg 
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treatment  condition  consistently  results  in  perfomnoe  deoreaents 
for  flight  teaks  observed.  Soae  perforaanoe  deo resents  occurred  for 
the  2.0  eg  treatment  level,  but  these  dec resents  appeared  later,  Mere 
not  as  consistent  across  flight  tasks,  and  generally  persisted  for  a 
shorter  tine  duration  ooapared  with  4.0  ag.  Mo  substantial  priaary 
task  perforaanoe  deoreoents  should  be  expeoted  for  the  0.5  and  the  1.0 
ag  treataent  conditions. 

A  ooaparison  of  the  six  priaary  task  dependent  variables  at  the 
2i20  post-injection  tine  period  indicated  that  five  of  the  variables 
showed  a  aonotonio  increase  in  aean  RMS  error  (reduoed  perforaanoe)  as 
the  level  of  atropine  was  increased  beyond  0.5  ag,  deoonatrating  the 
orderliness  of  the  dose-response  of  atropine.  The  present  study  has 
dearly  deaonst rated  that  RMS  error  for  altitude  and  heading  oont-ol 
while  both  straight  and  level  and  turning,  and  for  dual  task  tracking 
is  effective  in  detecting  the  dose-response  effeots  of  atropine  over 
tlae. 

Soae  perforaanoe  deoreaent  should  be  expeoted  within  1:40  after 
injecting  2.0  ag  of  atropine  and  the  substantial  perforaanoe 
deoreaents  that  occur  within  1:00  hour  of  a  4.0  ag  injection  should  be 
expeoted  to  oontinue  for  over  two  hours.  The  perforaanoe  deoreaents 
related  to  atropine  were  ooapared  to  known  perforaanoe  deoreaents  froa 
aloohol.  Probit  analysis  indicated  that  the  estimated  ED50  for  the 
level  of  atropine  equivalent  to  the  deoreaent  found  for  the  0.0825  BAL 
ethanol  level  was  3.12  ag  of  atropine  sulfatef  a  very  good  fit  to  the 
probit  line  estlaate  was  found.  These  data  indicated  that  in  fifty 
peroent  of  the  pilots,  the  perforaanoe  deoreaent  caused  by  a  3.0  ag 
injection  of  atropine  will  be  similar  to  that  caused  by  a  0.082  BAL. 

The  Sternberg  task  dearly  fulfilled  its  role  as  a  secondary 
task,  loading  the  pilot's  residual  oapaoity.  This  loading  was  aost 
clearly  deaonatrated  by  the  differences  in  Sternberg  task  perforaanoe 
between  the  holding  and  approach  phases.  Interestingly,  despite  the 
pronounced  effeots  of  drug  treatment  on  the  priaary  flight  task,  drug 
treataent  failed  to  show  any  influences  on  the  Sternberg  task.  The 
aost  likely  hypothesis  to  explain  this  laok  of  effect  is  siaply  that 
atropine  sulfate  failad  to  influenoo  the  cognitive  processes  involved 
in  performing  the  Sternberg  task. 

The  MHP,  HPV  and  V  data  dearly  indicated  the  physiologioal 
effeots  of  atropine  sulfate  and  the  time  course  of  the  effect.  The 
decrease  in  MHP  for  uhe  4.0,  ?.0,  and  1.0  ag  treatment  conditions 
observed  during  the  first  post-injection  recording  period  C *  35 )  was 
expeoted.  Other  investigators  have  reported  an  early  onset  of  rapid 
taohyoardia.  The  MHP  data  for  the  0.5  ag  treataent  level  showed  the 
expeoted  braayaardia  followed  by  recovery.  As  had  been  previously 
reported,  higher  atropine  levels  resulted  in  rapid  parasympathetic 
effeots,  indicating  rapid  blocking  of  the  vagal  influence  on  the 
heart . 
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As  expected,  the  dose-response  relationshipa  for  performance 
effects,  physiological  effects  and  symptoms  varied  signifioantly  among 
the  individual  subjeots.  Probit  analysis  provided  estimates  that 
aooount  for  individual  differences.  The  estimate  of  the  atropine 
level  at  which  50$  of  the  population  will  experience  a  30$  deorease  in 
MHP  was  2.52  mg  of  atropine.  The  estimate  for  a  30$,  deorease  for  HPV 
was  1.61  mg  of  atropine  and  the  estimate  for  V  was  0.98  mg  of 
atropine.  These  findings  appear  to  support  the  conclusions  of 
previous  investigators  that  ?  is  sensitive  to  changes  in  the  vagal 
influence  on  the  heart  and  responds  in  a  different  manner  than  MHP  and 
HP?.  Clearly,  these  findings  indicate  that  V  is  a  more  sensitive 
measure  of  the  vagolytio  effects  of  atropine  sulfate  than  either  MHP 
or  HP?. 

The  use  of  probit  analysis  to  rank  order  subjective  symptoms  and 
to  give  estimates  of  HD 5 Os  is  informative.  After  lnjeoting  0.5  mg  of 
atropine  sulfate,  one  can  expect  50$  of  the  population  to  experience 
dry  mouth  and  1  mg  will  produoe  the  same  effect  for  a  longer  duration. 
The  2.0  mg  level  will  produoe  difficulty  in  swallowing  and  some 
complaints  of  tachycardia.  The  4.0  mg  level  will  produoe  higher 
incidences  of  the  lower  dose  symptoms  plus  visual  effects  that  may  be 
very  significant  to  aviators. 

The  use  of  atronine  sulfate  during  complex  task  performance  is 
not  normally  recommended.  However,  in  the  osse  of  military  pilots  who 
are  required  to  operate  in  a  high  risk  ohemioal  warfare  wavlronment, 
auto-injeotlon  and/or  pretreatment  with  atropine  sulfate  say  be 
essential  to  survival.  A  single  2.0  mg  atropine  self-injection  is 
expected  to  result  Jn  some  reduced  ability  to  perform  complex  pilot 
tasks,  and  should  be  used  only  wh6n  there  is  a  very  high  probability 
of  exposure.  A  4.0  mg  injection  was  found  to  produce  significant 
performance  decrements  and  to  clearly  inoreasa  the  risk  of  error  when 
performing  aoaplex  pilot  tasks. 

The  difference  in  the  time  course  of  the  dose-response 
relationships  for  performance  dooremsnts,  physiological  response  and 
symptoms  was  one  of  the  most  interesting  findings  of  the  present 
study.  This  finding  also  appears  to  provide  Information  of  potential 
operational  significance  for  the  use  of  atropine  sulfate  among  Army 
aviators.  The  performance  decrements  for  the  2.G  mg  atropine  level 
ere  not  significant  until  1  s 40  post-injection.  At  the  4.0  mg  level 
of  atropine,  the  performance  decrements  were  significant  at  1:00  post¬ 
injection.  On  the  other  hand,  the  physiological  effeots  were  noted  at 
i 35  post-injeotion.  Unlike  the  immediate  parasympathetic  effeots 
(i.e.,  dry  mouth  and  tachycardia),  the  performance  decrements  lag 
considerably. 

This  lag  in  performance  decrements  when  compared  to  the 
physiological  symptoms  may  permit  the  military  pilot  who  injects 
atropine  sulfate,  but  has  not  been  exposed  to  a  chemical  agent,  time 
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to  land  safely.  With  higher  lavals  ©i'  atropine,  nowever,  the  lag 
batman  atrcplna  Injection  and  phyalologioal  parforaanoe  effects  ia 
reduoed,  If  an  Aray  aviator  injects  4.0  ag  of  atropine  and  experiences 
the  affeots  of  atropine  (e.gM  taohyoardia  and  dry  aouth),  it  ia 
axpaotad  that  parforaanoe  decrements  will  follow.  The  physiological 
syaptoas  can  be  used  as  an  alerting  signal  to  the  aviator. 
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FOREWORD 


For  the  protection  of  Inin  aubjeot*  the  investigators  have  adhered  to 
poliolaa  of  applicable  Padaral  Law  45CFR46. 
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IMTOODOCTIOM 


The  threat  of  the  uh  of  organophosphorous  ooa pounds  in  ahemioal 
warfare  has  implications  for  tha  safety  of  military  pilots.  Many 
ohaaioal  agents  ara  strong  oaurotozina  that  oan  ha  lathal  in  small 
amounts  and  datriaantal  to  peyohomotor  parforaanoa  in  ainuta  ohronio 
axpoauraa.  Therefore,  military  parsonnal  in  high  throat  environments 
ara  iaauad  atropina  for  aalf  administration  as  an  antidote.  Both  tha 
toxio  ohaaioal  oompound  and  tha  antidote  oan  pose  serious  probleaa  for 
tha  pilot. 

Aoute  exposure  to  an  organophosphorous  ooapound  results  In  the 
inhibition  of  aoatyoholinjastarasa  (AChl)  which  in  turn  results  in 
aoouaulation  of  aoatyloholina  (ACb)  at  tha  neural  synapses.  Tha 
aoouaulation  of  ACh,  a  neurotransmitter,  causes  oholinargio  receptors 
to  ha  overstimulated.  In  fatal  exposures,  death  is  oausad  by 
respiratory  paralysis  in  oonjunotion  with  oantral  nervous  system  (CMS) 
depression  ( 1 ) . 

Antidotal  drugs  oan  be  used  either  as  a  tharapautio  or  as  a 
p re treatment.  Tharapautio  treatment  of  AChX  inhibition  requires  that 
antiobolinargio  drugs  sujoh  as  atropina  sulfate  be  administered 
immediately  following  exposure  to  oonbat  tha  musoarlnlo  symptoms. 
Atropina  sulfate  penatrataa  in  tha  CMS  and  antagonize  a  tha  excess  ACh. 
Goldstein  et  al.  (1)  noted  that  atropina  sots  on  the  parasympmthetlo 
effeotor  organs  and  tha  CM3,  but  that  there  is  praotloally  no 
antagonistic  effeot  at  tha  heuromusuolar  junctions. 

In  ollnloal  settings  atropina  sulfate  is  prescribed  in  doses  up 
to  1  mg.  After  aoute  exposure  to  organophosphorous  oompounds,  an 
individual's  tolerwnoe  to  Atropina  is  increased,  and  up  to  50  mg  may 
be  used  tha  first  day  to  combat  tha  muscarinic  symptoms  (2).  Tha 
physlologioal  symptoms  ahd  gross  behavioral  effeots  of  atropine 
sulfate  have  been  studied  in  man.  Cullumbine,  McKee  and  Creasey  (3) 
evaluated  the  effeots  of  administering  2  to  5  mg  of  atropina  sulfate 
to  normal  healthy  subjects  and  concluded  "that  2  mg.  atropine  sulfate 
oan  be  recommended  for  injection  into  subjeots  with  suspected 
poisoning  by  an  antloholinesterase,  but  that  5  mg.  in  the  absenoe  of 
such  poisoning  may  produce  embarrassing  effeots"  (p.  318).  They 
reported  that,  in  many  individuals,  the  first  sign  of  the  effeots  of 
atropine  was  bradycardia  followed  by  an  increase  in  heart  rate. 

The  comparative  pharmacology  of  atropine,  scopolamine  and  ditran 
has  been  investigated  by  Ketohuu,  Sidell,  Crowell,  Aghajanian.  and 
Hayes  (4).  Their  study  concentrated  on  the  effects  of  the  higher 
doses  of  atropine  (up  to  12.95  mg).  The  clinical  symptoms  were 
described  as  a  parasympathetio  block,  manifested  by  symptoms  such  as 
tachycardia  and  dryness  of  the  mouth,  followed  by  diffuse  CHS  effects 
of  longer  duration  (typically  10-12  hours).  They  found  that,  in  a  7tt 
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kg  peraou,  the  effective  dose  of  atropins  sulfate  that  increased  baart 
rata  by  30$  la  50$  of  tha  subjeots  (BD50)  was  1.32  ag.  Tha  B050  that 
deoreased  oognitive  parforaanoa  oo  tha  Nub bar  Facility  taat  by  25$  was 
4*71  ag.  Tha  oardiao  affaots  appaarad  and  disappaarad  aora  quiokly 
than  tha  parforaanoa  daoraaants  on  tha  luabar  Faoility  taat.  An 
inoraasa  In  haart  rata  was  also  observed  by  Sawka  at  al.  (5)  who 
reported  tha  paak  oardiao  rasponsa  at  70  ainutas  post- injection  using 
0.5  to  A  ag  of  atropine. 

Koylan-Jones  (6)  evaluated  tha  behavioral  affaots  of  three  2-ag 
injeotions  (aaoh  20  ainutas  apart)  by  observing  routine  tasks  (i.e., 
hard  labor,  aap  reading  and  oca  pass  bearings,  rifle  shooting  and  tire 
changing)  and  tha  luabar  Faoility  task.  Zn  aost  of  the  23  subjaots 
studied,  ha  found  soaa  degree  of  parforaanoa  impairment  3  hours  and  15 
ainutas  after  adainistration  of  tbs  final  injeotlon. 

Tha  0.3.  A  ray  has  authorised  soldiers  to  oarry  three  auto- 
injectors  aaoh  oon talcing  2  ag  of  atropine  sulfate  (5).  Zn  tha  event 
of  a  suspaotad  antioholinesterase  exposure,  military  personnel  are 
instructed  to  inject  2  ag  intraausoularly  and  to  repeat  tha  injeotlon 
20  ainutas  later  if  they  are  not  experiencing  tha  affaots  of  atropine 
(e.g.,  taobyoardia  and  dry  nbuth).  Therefore,  it  is  possible  that  up 
to  A  ag  of  atropine  sulfate  may  be  used  by  a  military  aviator  who 
ai’speota  exposure,  but  was  not  exposed  to  an  organo phosphate  agent. 

While  previous  experimenters  have  adequately  described  gross 
behavioral  affaots  of  atropine,  an  evaluation  is  needed  to  determine 
the  effects  of  atropine  sulfate  on  the  parforaanoa  of  ooaplex 
psyohoaotor  tasks  in  aviators.  The  use  of  flight  siaulators  to 
oolleot  data  on  the  affaots  of  drugs  on  pilot  parforaanoa  is 
attractive.  Billings,  Qerke,  and  Wlok  (7)  orally  adainistered 
seoobarbltol  and  ooapared  performance  in  flight  to  parforaanoa  in  a 
ground  alaulator.  They  found  the  aagnitude  of  errors  to  be  aaaller 
but  aora  consistent  in  the  flight  siaulator  than  in  the  alroraft. 
They  oonoluded  that  the  flight  siaulator  provided  a  sensitive  aeans  by 
whloh  to  study  the  effects  of  drug  stress  on  pilots.  Flight 
simulators  have  been  used  by  a  number  of  Investigators  to  study  the 
effeots  of  ethanol  on  pilot  perforaanoe  (8,  9,  10,  11,  12). 
Perforaanoe  deoreaents  have  been  found  at  aoderate  blood  aloohol 
levels  (.05  BAL  and  above).  Flight  siaulators  have  also  been  used  to 
study  the  effects  of  aarijuana  (13)  and  anti-eaetio  drugs  (14). 

The  root  aean  square  (RMS)  deviation  or  traoking  error  has  been 
used  as  a  dependent  measure  for  deteraining  the  effeots  of  drugs  on 
pilot  perforaanoe  in  the  flight  siaulator  (15).  Coaputation  of  an  RMS 
error  is  siailar  to  coaputing  a  standard  deviation  exoept  that  a 
targeted  value  is  substituted  for  the  parameter  mean.  Followings 
review  and  analysis  of  RMS  errors,  Kelley  (16)  oonoluded  that  with 
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respeot  to  aeasurlng  error  amplitudes,  RMS  error  me  the  beet  single 

Measure. 

Performance  on  flight  simulator  tasks,  such  as  instrument  flight 
prooedures,  is  likely  to  be  relatively  automatic  in  a  well-trained 
pilot  and  aental  resources  say  not  be  fully  used.  Under  drug  stress, 
it  has  been  sssuaed  that  subjeots  shift  to  other  resouroes  to 
ooMpensate  for  drug  ef  foots  (17).  A  seoondary  task  a  an  be  used  to 
inorease  task  diffloulty.  The  Sternberg  task,  a  ohoioe  reaction  tine 
task  involved  with  short-tern  aencry,  was  »e looted  as  a  seoondary  task 
for  the  current  study  for  the  following  reasons! 

1.  A  perforaanoe  aodel  had  been  developed  whioh  allowed  the 
diagnosis  of  effects  on  speoifie  cognitive  processes  (18). 

2.  The  task  had  been  successfully  used  for  toxicant  studies  (17, 
19). 

3.  The  task  had  been  used  in  dua*  task  perforaanoe  assessaent 

(20,  21,  22). 

A.  The  task,  whioh  in  the  present  study  used  an  auditory 
stimulus  and  annual  response,  was  expeoted  to  have  high  face 
validity  as  a  ooaaimloationa  task  for  pilots. 

Sternberg  assuaed  that  aore  ooaplex  choices  take  longer  to 
prooess  Mentally  and  that  the  aean  reaotion  time  (RT)  is  a  linear 
funotloo  of  the  number  of  available  alternatives  or  positive  set  else 
(23).  Re  (18)  also  assuaed  that  the  faotors  that  sake  up  the  aean  RT 
are  additive.  He  desorlbed  four  processing  stages  involved  in 
evaluating  the  test  probe  and  responses!  (a)  stimulus  encoding,  whioh 
depends  on  the  olearness  of  the  test  probe  presentation)  (b)  a  serial 
and  exhaustive  aeaory  searoh  through  the  elements  of  the  positive  set; 
(o)  a  binary  deolslon  of  "true”  or  "false"  for  the  oorreot  response; 
and  (d)  the  translation  and  organisation  of  the  answer  into  a 
response. 

The  Salth  and  Langolf  (17)  and  Osborne  and  Rogers  (19)  studies 
used  the  Sternberg  task  as  a  single  task.  The  primary  goal  of  the 
present  study  was  to  examine  pilot  perforaanoe.  Therefore,  the 
Sternberg  task  was  used  in  a  dual  task  situation  with  the  primary  task 
being  flight  simulator  perforaanoe.  When  subjeots  time-share  in  dual 
task  situations,  eaphasis  aay  be  switohed  between  the  tasks  as  a 
result  of  ohanges  in  task  difficulty  or  beoause  of  ohanges  in  aental 
processes  that  result  froa  the  drug  effect.  Responses  to  the 
Sternberg  task  are  soored  for  reaotion  tiae  and  aoouraoy  and  are 
potentially  susoeptible  to  speed  and  aoouraoy  trade-offs. 

The  final  reason  for  selecting  the  Sternberg  task  was  its  high 
faae  validity  to  the  pilot  subjeots.  Ogden  et  al.  (24)  pointed  out 
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that  operator  aooeptanoe  and  high  faoe  validity  were  Important  many 
aaoondary  task  situations.  Ths  Stsrnbarg  task  is  slmlljar  to  noreal 
oparating  prooadurss  aha ra by  ths  pilot  aonltors  ths  radio  for 
psrtlnsnt  oommunioations  and  than  rssponds  to  thebe  that  ars 
oonsidered  relevant.  Volf  (25)  usad  ths  Stsrnbarg  task  with  flight 
simulator  psrforaanos  to  svaluats  pilot  workload.  Ha  usad  ths  task  to 
inoraasa  ths  overall  workload  and  to  anhanoa  as tihodo logical 
sensitivity. 

In  addition  to  evaluating  the  affaots  of  toxlo  substances  on 
pilot  psrforaanos,  wa  ara  lntaraatsd  in  evaluating  tha  physiological 
oorralatas  of  tbasa  offsets.  Tlaa  corralatasj  naan  isart  parlod 
(MHP),  or  tha  assn  of  tha  beat-to-beat  intervals;  and  neart  pariod 
varianoe  (HPT),  or  tha  ohanga  in  sequential  beat-to-be±t  intervals 
over  tins,  have  baan  extensively  investigated.  Tha  relationship 
between  respiration  and  phaaio  modulation  of  tha  vagal  influanoa  on 
tha  heart,  known  as  respiratory  sinus  arrythmla  (USA),  :.s  also  wall 
known.  Non-in vasiva  methods  for  measuring  RSA  have  baan  developed  in 
order  to  astlaata  vagal  influanoa  on  tha  heart.  Forges,  MoCabe  and 
Tongue  (26)  reported  that  vagal  oontrol  of  the  heart  oan  be  estimated 
by  analysing  tha  aaan  heart  parlod  and  heart  parlod  variability 
associated  with  the  normal  respiratory  frequency  bond.  Tliey  derived  a 
measure  of  RSA,  V,  which  is  tha  amplitude  of  tha  heart  period  varlanos 
corresponding  with  normal  respiration  (im.,  0.12  to  0.40  Ha). 

Tongue  at  al.  (27)  usad  atropine  metbylhltrate  and  phenylephrine 
to  pharmaoologloally  manipulate  the  f  estimate  of  ISA  in  rats. 
Atropine  methyl  nitrate  produoed  a  peripheral  block  of  tie  vagus  and 
deoreased  RSA,  while  phenylephrine  elevated  RSA  ledlreotly  by 
hypertensive  effeots.  MoCabe,  Tongue,  Forges,  and  Aokleaj  (28)  studied 
the  relationship  between  RSA  and  the  vagus  in  rabbits  by  | manipulating 
vagal  tone  with  aortio  nerve  stimulation.  They  concluded  that  "V  is 
sensitive  to  manipulations  of  vagal  influences  on  the  heart,"  and  that 
it  often  responded  "in  a  different  Banner  than  heart  period  or  heart 
period  varlanos"  (p.  149).  Porgea  and  his  ool  leagues  studied  the  uae 
of  RSA  for  aonitoring  levels  of  anesthesia  (29)  and  for  evaluating 
stress  (30).  I 

Dose-response  relationships  of  toxlo  compounds  normally  vary 
widely  among  individuals  and  this  variability  must  bs  taken  into 
aooount  when  investigating  drug  effeots.  The  olassical  dose-response 
relationship  is  sigmoid  in  form.  Quantal  (all-or-none)  dbse-responses 
suoh  as  lethality  are  normally  distributed  and  the  percent  response 
oan  be  oonverted  to  a  standardized  unit  of  deviation  from  the  mean  of 
the  normal  distribution.  In  toxioology,  these  units  of  deviation  have 
been  termed  normal  equivalent  units  of  deviation  (TED),  the  NED  soale 
is  a  Z  soore  scale  with  the  mean  (50 £  response)  equal  to  0  and  ♦  1  NED 
equal  to  84.1  peroent  response;  while  -  1  NED  is  equal  to  15.9  percent 
response.  The  NED  soale  oan  be  oonverted  to  the  problt  (probability 
unit)  soale  by  adding  ♦  5  to  the  NED  soale.  Thus,  the  mean  of  the 
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probit  tool*  equals  5  and  the  standard  deflation  equals  ♦/-  1.  The 
logarithm  dose  of  the  drug  oan  be  plotted  as  a  function  of  peroent 
cumulative  response  using  a  probit  soalc.  Problt  analysis  is  ooaaonly 
used  in  toxicology  for  estiaatlng  typioal  relative  dose-response 
relationships. 

If  the  oriterion  response  is  lethality,  the  lethal  dose  resulting 
in  50 %  Mortality  (LD50)  will  be  equal  to  5  on  the  probit  soale)  if  the 
oriterion  is  a  graded  response,  an  effective  dose  resulting  in  50> 
reeponso  CSD50)  will  equal  5  on  the  probit  soale. 

Atropine  sulfate  doses  above  1.0  ag  are  expeoted  to  result  in 
aonotonlo  responses  within  individuals.  However,  below  1.0  ag, 
opposite  responses  to  atropine  are  expeoted,  suoh  aa  increased  heart 
periods  at  low  doses  as  reported  by  Culluabine  et  si.  (3)*  The 
treataent  effects  above  1.0  ag  are  likely  to  result  in  decrements  in 
ooaplex  performance.  Graded  responses  by  individuals  aay  be  converted 
to  quental  response  (all-or-none)  by  referring  to  a  specific  graded 
reepotuMi  level  os  the  oriterion.  Por  exaaple,  aean  heart  period  aay 
be  analysed  by  counting  the  nuaber  of  subjects  at  eaoh  dose  level  who 
had  aore  than  a  301  deorease  in  heart  period.  The  use  of  graded 
responses  as  quantal  responses  in  problt  analysis  is  aooeptable 
aooording  to  Klaassen  and  Doull  (3D. 

Sllell  and  Pleas  (32)  used  probit  analysis  in  a  study  of  the 
effect*  of  ethanol  to  deteralne  the  relative  S050  for  subjective, 
physiological,  and  behavioral  syaptoas.  They  found  the  teohnique 
particularly  useful  because  eoae  subjeots  responded  with  "severe1* 
syaptoas  on  same  items,  although  few  itsas  were  marked  consistently. 
Using  probit  analysis,  Sidell  and  Pleas  (32)  were  able  to  rank  order 
the  syaptoas  froa  "sleepy"  (KD50  a  0-6  ag/kg)  to  "altered  speech" 
(ED50  ii  1.7  ag/kg)  (p.  258).  Probit  analysis  was  used  slailarly  in 
the  present  study  to  analyse  responses  to  a  subjective  syaptoas 
checklist. 

The  purpose  of  the  present  study  was  to  exaalne  the  effeot  of 
atropine  sulfate  on  pilot  perforaanoe  and  to  investigate  physiological 
correlates  of  this  effeot.  Plight  simulator  perforaanoe,  Sternberg 
task  i^erforaanoe,  and  subjeotlve  aaaesaaents  of  pilot  errora  were  uaed 
to  examine  the  perforaanoe  effeota.  To  aaaeaa  the  physiological 
effecta  of  atropine,  ohangea  in  eleotrooardiograa  (ECO)  and  subjective 
ayaptoaa  were  recorded.  Heart  period  and  heart  period  variation 
information  waa  derived  froa  the  ECO  reoordinga,  and  the  variance 
within  the  heart  perioda  waa  partitioned  into  an  eatiaate  of  RSA 
amplitude. 


METHOD 


gqulaaent 

The  equipment  u*«d  to  oolleot  flight  performance  data  consisted 
of  a  fixsd-bese  flight  simulator,  ILLIMAC  2,  aa  acronym  for  ILLInola 
Micro  Aviation  Computer.  The  slaulator  was  aodeled  after  the  ILLIMAC 
•ngiaaariag  prototype  slaulator  whloh  was  desoribed  In  detail  by 
Taylor,  Staples,  Todd,  and  Hershberger  (33).  Both  the  ILLIMAC 
engineering  prototype  and  ILLIMAC  2  were  designed  and  developed  by 
Aviation  Researoh  Laboratory  (ARL)  personnel  at  the  Institute  of 
Aviation,  University  of  Illinois  at  Urbana-Champaign.  In  building 
ILLIMAC  2,  ARL  personnel  used  the  shell,  base  and  rudder  pedals  of  a 
commercially  available  general  aviation  trainer  (Figure  1).  The 
instrumentation,  ooaputer  and  eleotronio  components  were  designed  and 
oonstruoted  by  ARL  personnel. 

The  ILLIMAC  2  ooaputer  oonsists  of  a  aloroprooessor  seotion,  a 
speolal  funotlon  seotion,  and  an  Input/output  (I/O)  seotion.  The 
aloroprooessor  seotion  contains  three  boardst  a  Microprocessor  board 
with  an  S086  chip,  a  PROM/RAM  board  that  contains  32K  bytes  of  aaaory, 
and  an  Address  Deoode  and  Clook  Frequencies  board.  The  speolal 
funotlon  seotion  oonsists  of  an  Array  Prooessor  board,  a  Trigonouetrio 
Digital /Ana log  (D/A)  board  and  a  Trigonoaetrlo  Look-Op  Tables  board. 
The  Array  Prooessor  board  enables  the  single  aloroprooessor  to  perform 
simulation  functions  at  a  30-HZ  rate.  The  input/output  seotion 
contains  twelve  printed  olrouit  boards  that  oontrol  I/O  funotions 
between  the  oookplt  and  the  ooaputer.  These  boards  drive  all  analog 
funotions  in  the  oookplt,  and  receive  digital  and  analog  information 
from  the  oookplt. 

The  ILLIMAC  2  simulates  the  flight  characteristics  of  a  complex, 
high  performance,  single  engine  aircraft.  The  ILLIMAC  2  flight  penel, 
shown  in  Figure  2,  contains  the  instrumentation  and 
navlgation/ooaunloation  equipment  to  facilitate  Instrument  flight 
rules  (IFR)  approaches.  The  navigational  faoilities  and  airports 
within  a  512  mile  (824  km)  by  512  mile  (824  km)  area  oentered  around 
the  University  of  Illlnois-Wlllard  Airport  are  programmed  in  the 
computer.  The  ILLIMAC  2  system  inoludes  an  X-T  flight  path  reoorder 
(Figure  3)  capable  of  horizontal  or  vertical  traolngs  that  can  be  used 
to  record  approaches  to  terminal  faoilities. 

A  commercially  available  8086  computer  with  two  eight-inch  floppy 
disk  drives  and  a  CRT  (Figure  4),  connected  to  the  ILLIMAC  2  by  an  RS- 
232C  line,  was  used  to  reoord  digital  performance  data  generated 
during  flight.  The  ooaputer  drove  a  speech  synthesizer  to  generate 
and  present  auditory  stimuli  to  the  ILLIMAC  oookplt. 
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Figure  2.  ILLIMAC  flight  panel. 
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A  tbormoio  expansion  bait  was  utaed  to  reoord  respiratory  cycles. 
Standard  SCO  equipment,  with  three  biopotential  silver-silver  chloride 
eleotrodes,  was  used  to  record  cardiac  electrical  potentials.  These 
data  were  amplified  and  stored  on  aagnetio  tape  using  an  FM  tape 
recorder  (Figure  5).  A  separate  aini-ooaputer  was  used  to  oonvert 
heart  period  data  into  beat-by-beat  periods  to  tbs  nearest  aseo  and  to 
saaple  respiration  twloe  per  second. 


Figure  5‘  Equipaent  used  to  aaplify  and  record  the  eleotrooardlograa 
vECOi and  respiration  signals. 


Subjeota 


Twant y  sale  general  aviation  pilots  ranging  in  age  froa  19  to  30 
years  (aean  22  years)  with  no  aedioal  probleaS  (PAA  Class  2  Medioal 
Certificates)  served  as  subjeota.  The  subjeots  ranged  in  weight  froa 
61.2  to  107.2  kg  (aean  76.9  kg).  They  were  paid  volunteers  froa 
University  of  Illinois  aviation  courses  who  had  reoeived  coaaeroial 
and  instrument  pilot  training.  The  flight  experience  for  the  twenty 
subjeots  ranged  froa  112  to  1150  flying  hours  with  a  aean  of  307  hours 
experienoe.  All  subjeots  had  a  ainiaua  of  19  hours  in  flight 
siaulators  with  the  exoeption  of  one  subjeot  who  had  5  hours  of. 
previous  flight  siaulator  experienoe.  This  subjeot,  an  instruaent- 
rated  pilot  with  55  hours  of  instrument  tiae,  demonstrated  acceptable 
siaulator  profioienoy  prior  to  aooeptanoe  into  the  study.  Siaulator 
experienoe  for  the  remaining  nineteen  subjeots  ranged  froa  19  to  100 
hours  with  a  aean  of  37  hours. 

The  subjeots  were  aeleoted  on  the  basis  of  previous  flight 
instruction,  scheduling  availability,  and  aedioal  soreening.  All 
were  fully  lnforaed  of  the  purpose  of  the  study,  the  amounts  of 
atropine  sulfate  to  be  administered,  risks  assooiated  with  the  study, 
scheduling  responsibilities,  testing  procedures,  and  wages.  They  were 
not  informed  of  the  sequence  of  drugs  and  were  randomly  assigned  to  a 
given  treatment  group.  The  subjeots'  intake  of  drugs  and  medication 
was  checked  at  the  tiae  of  the  physical  exaaination  used  in  soreening 
subjeots,  as  well  as  laaedlately  before  eaoh  experiaental  session. 
They  were  warned  not  to  drink  aloohol  the  night  before  the  experiment, 
which  could  have  dehydrated  thea  and  increased  their  dlsooafort. 

During  the  session,  the  subjeots  were  under  constant  observation 
by  either  a  Registered  Nurse  (RN)  or  a  Certified  Plight  Instructor 
(CPI).  The  nurse  drove  the  subjeot  home  after  eaoh  session.  All 
subjeots  agreed  not  to  fly  solo  for  24  hours  after  participation.  An 
eaergency  kit  with  oxygen  was  available  at  the  experimental  site  to 
provide  resuscitation  equipment  and  medication  in  the  event  of  a 
medioal  problem. 

The  use  of  human  subjeots  in  this  project  was  reviewed  and 
approved  by  the  University  of  Illinois'  Institutional  Review  Board 
(IRB)  and  the  U.S.  Army's  Human  Use  Review  Office.  Each  subjeot 
signed  a  consent  form  approved  by  the  IRB.  Each  subject  received  a 
pre-experimental  physical  including  an  ECG  and  test  for  glaucoma;  each 
subjeot  was  scheduled  for  a  post-experimental  physical. 


Procedures 

Experimental  Scenario.  The  experimental  scenario  has  been  used 
by  ARL  investigators  to  determine  the  effects  of  toxic  compounds  on 
pilot  performance  (12,  14,  15).  The  scenario  included  a  primary  task, 
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flying  the  simulator  using  standard  instrument  flight  procedures ,  and 
a  seoondary  task,  the  Sternberg  choioe  reaotion  time  task.  The 
primary  task  was  representative  of  tasks  that  pilots  typloally  perform 
when  flying  under  IFR  oonditlons.  The  seoondary  task  was 
representative  of  oommunioation  tasks  that  lnorease  workload  by 
requiring  the  pilot  to  receive,  understand,  and  respond  to  verbal 
information. 

Ixperlmental  Sessions.  The  experimental  sessions  inoluded 
simulator  flights  and  physiologioal  reoording  periods  alternating  on 
20-ainute  oyoles  as  shown  in  Table  1.  Bach  experimental  session  began 
with  a  nedloal  oheok  when  the  RH  asked  questions  about  eating  and 
sleeping  habits  during  the  previous  24  hours  and  determined  baseline 
pulse  and  blood  pressure  readings.  After  the  nedioal  oheok-in,  the 
subject  flew  one  20-ainute  simulator  flight  to  provide  baseline  data. 
During  the  next  20  minutes,  the  subjeot  was  oheoked  medically, 
physiologioal  data  were  collected,  and  then  the  subjeot  reoelved  the 
appropriate  atropine  sulfate  lnjeotion.  In  order  to  follow  the  time 
course  of  the  effects  of  atropine,  flight  data  and  physiologioal  data 
were  oolleoted  during  the  remaining  flight  and  medical  oheok  periods, 
respectively,  for  three  hours  post-injeotion. 

Four-hour  experimental  sessions  were  scheduled  one  week  apart  for 
seven  oonseoutlve  weeks.  The  subjeota  completed  a  minimum  of  two 
training  sessions  before  the  treatment  sessions  began.  The  two 
training  sessions  acquainted  the  subjects  with  bolding  procedure*,  ILS 
approaches,  and  the  Sternberg  task.  The  first  experimental  session 
was  used  as  an  orientation  and  training  session.  Saoh  subjeot  was 
tested  for  the  ability  to  perform  the  primary  task  within  the  limits 
set  by  the  Federal  Aviation  Administration  (FAA)  in  the  Flight  Test 
Quids  for  Instrument  Pilot  Candidates  (34).  The  following  limits  were 
usedt  altitude  deviation,  +/-  100  ft.  (30.5  a);  horizontal  traoking 
deviation  (localizer),  ♦/-  1.5  degrees;  vertical  tracking  deviation 
(glideslope),  ♦/-  0.7  degrees;  and  rate  of  turn,  6  degrees  per  seoond. 
Flight  data  were  sampled  onoe  per  seoond  and  the  peroent  of  samples 
outside  the  presorlbed  limits  (5  out)  were  determined.  Performance 
during  the  seoond  training  session  was  considered  acceptable  if  the 
subjeot  had  less  than  15  of  the  sample  outside  the  presorlbed  limits 
for  eaoh  performance  variable.  Several  subjects  received  additional 
training  to  bring  their  performance  within  tolerance  limits.  During 
the  seoond  session,  a  plaoebo  lnjeotion  was  administered  to 
familiarize  subjects  with  the  lnjeotion  procedure.  The  first  atropine 
sulfate  injection  was  given  during  the  third  session,  at  whioh  time 
the  appropriate  treatment  sequenoe  was  initiated. 
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Table  1 

Typical  Experimental  Saaalon 


TIME  ACTIVITY 


13C0  - 

1320 

Medical  Cheok-Xn 

1320  - 

1340 

1st  Siaulator  "Plight*  Baseline  Data 

1340  - 

1400 

Medical  Cheok,  Physiological  Baseline  Beoordlng, 
Syaptoas  Questionnaire,  and  the  Atropine  Sulfate 
Inleotlon 

1400  - 

1420 

2nd  Siaulator  "Plight* 

1420  - 

1440 

Medioal  Check,  Physiological  Beoordlng,  and  Syaptoas 
Questionnaire 

1440  - 

1500 

3rd  Siaulator  "Plight" 

1500  - 

1520 

Medioal  Check,  Physiologloal  Beoordlng,  and  Syaptoas 
Questionnaire 

1520  - 

1540 

4th  Siaulator  "Plight" 

1540  - 

1600 

Medioal  Cheok,  Physiologloal  Beoordlng,  and  Syaptoas 
Questionnaire 

1600  - 

1620 

5th  Siaulator  "Plight" 

1620  - 

1640 

Medioal  Cheok,  Physiologloal  Beoordlng,  and  Syaptoas 
Questionnaire 

1640  - 

1700 

6th  Siaulator  "Plight" 

1700  - 

Medioal  Cheok,  Physiologloal  Recording,  Syaptoas 

Questionnaire  and  Medical  Surveillance 


TOTALS  a  2  hours  in  Plight  Siaulator 
4-hour  Experimental  Session 


An  RN  with  advanoed  oardio-pulmonary  reausoitation  training 
(ACL3)  adniniatarad  the  atropina  aulfata  using  an  intraauaeular 
injection  in  the  uppar  outer  quadrant  of  tba  hip.  The  injections  were 
alternated  each  experimental  session  between  the  right  and  left  hips. 

All  drugs  were  administered  aooordlng  to  aotual  weight.  The 
injeotions  used  noraal  saline  wi*n  baoterlostat  to  yield  constant 
volumes  for  eaoh  subjeot,  and  the  aotual  volume  depended  upon  the 
aubjeot's  weight  compared  with  the  75  kg  standard.  Using  the 
treatment  order  shown  in  Table  2,  the  subjects  received  atropine 
Injeotions  of  0,  0.006,  0.013,  0.026,  and  0.053  ag/kg,  which 
corresponded,  respectively,  to  the  0,  0.5,  1.0,  2.0,  and  4.0  mg/75  kg 
treatment  conditions. 

The  first  flight  for  eaoh  experimental  session  served  as  a 
baseline  flight.  The  appropriate  injeotion  of  atropine  sulfate  was 
administered  during  the  rest  period  following  tba  first  flight  after 
baseline  physlologloal  data  had  been  oolleoted.  Performance  data  on 
the  primary  and  secondary  tasks  were  oolleoted  for  the  remaining  five 
flights.  ECO  and  respiration  rate  were  recorded  during  the  rest 
periods  i allowing  the  remaining  five  flights.  All  data  were  oolleoted 
under  double  blind  conditions. 

Experiments!  Design 

Four  levels  of  atropine  sulfate  and  a  placebo  were  administered 
to  eaoh  of  the  20  subjects  over  the  course  of  five  experimental 
sessions.  A  five  by  five  Latin  Square  design  was  used  to  balance  drug 
order  effects  and  each  subjeot  reoeived  eaoh  of  the  four  levels  of 
atropine  and  plaoebo  (Table  2).  Eaoh  row  had  four  subjects  who  were 
randomly  assigned;  therefore,  there  were  four  subjects  per  group  and 
eaoh  group  had  a  different  treatment  sohedule. 

The  flight  performance  and  Sternberg  task  data  were  automatically 
reoorded  onto  eigbt-inoh  magnetic  diskettes  for  eaoh  experimental 
session.  Following  eaoh  experimental  session,  the  raw  data  files  were 
summarized  and  stored  on  diskettes  for  subsequent  analysis* 

Por  the  primary  task  dependent  variables,  either  one  or  two  bytes 
of  information  was  used  to  code  the  flight  performance  data.  For  the 
turn  coordinator  instrument,  one  byte  was  used  and  two  bytes  eaoh  were 
used  for  information  from  the  altimeter,  looalixer,  and  glideslope 
instruments.  The  decimal  equivalent  of  the  unsigned  binary  (DEB) 
number  for  cither  8  or  16  bits  of  information  represented  full  soale 
deflection  for  the  various  instruments.  The  RMS  values  were  recorded 
and  analyzed  in  DEB  units.  The  soaling  factors  to  oonvert  from  DEB  to 
aotual  units  are  listed  in  Appendix  A.  The  distributions  of  the  RMS 
variables  were  transformed  using  a  natural  logarithm  transformation  to 
normalize  the  distributions. 
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Table  2 

Latin  Square  fop  Atropine  Sulfate  Tmataenta* 


• 

Experiaental  Session 

1 

2 

3 

4 

5 

Group® 

t 

0.5 

1.0 

2.0 

0 

4.0 

2 

0 

0.5 

1.0 

4.0 

2.0 

3 

4.0 

0 

0.5 

2.0 

1.0 

4 

2.0 

4.0 

0 

1.0 

0.5 

5 

1.0 

2.0 

4.0 

0.5 

0 

Roto.  Tbo  treatments  oro  expressed  in  mg/75  kg, 
•Replloated  for  eeah  flight. 

Vour  subjects  pop  group. 


Tho  rooulto  of  tho  five  experiaental  sessions  were  ooapilod  into 
o  ooator  suaaary  filo  and  tranaforrod  to  a  aainfraao  ooaputer  for 
atatiatioal  analysis  using  tho  Statiatioal  Analysis  Systoa  (SAS) 
paokago  (35).  Tbo  SAS  procedures  used  inoludedi  standardising 
variables,  univariate  plots,  general  linear  aodels  (OLM),  analysis  of 
variance  (ANOTA),  aultivariate  analysis  cf  variance  (MANOVA),  and 
probit  analysis.  The  Latin  Square  within  subjects,  repeated  aeasures 
analysis  (Plan  12  described  by  Winer  (36))  was  used  for  the  ANOVA  and 
MANOVA  procedures.  This  plan  assuoes  that  treatment,  experimental 
session,  and  flight  are  fixed  effeots  and  that  subjects  within  the 
groups  is  a  randoa  variable.  Residual  (1),  the  MS  for  subjects 
(within  groups)  x  treatment,  was  used  as  the  error  tera  to  test  for 
significance  for  (A)  treataent,  (B)  experiaental  session,  and  (AB)' 
Latin  Square  error.  Residual  (2),  the  MS  for  subjeots  (within  groups) 
x  flight  interaction,  was  used  as  the  error  tera  to  test  for  the 
flight  (C)  aain  effect  and  flight  x  groups  interaction.  Residual  (3) 
was  used  to  test  the  AC  and  the  BC  interaction,  and  (AB)'C.  The  error 
teras  were  not  pooled  for  any  of  the  statistical  analyses. 
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Primary  Task.  Tbs  primary  task  oonslstsd  of  a  diraot  antry  to  a 
holding  pattarn,  tha  azaoution  of  thraa  holding  pattarns,  and  a 
aiaulatad  Instruaant  Landing  Systam  (IL3)  approach  for  landing  on 
runway  31  at  tha  Univaraity  of  Xllinois-Willard  iirport.  Thasa 
aanauTars  wara  parforaad  during  a  20-ainuta  simulator  fliyht.  Tha 
primary  task  is  illustratad  in  *igura  6. 

Tha  primary  task  was  flown  in  a  no  wind  condition  with  a  low 
laval  of  randomly  ganeratad  vartioal  turbulanoo.  Tha  flight  task 
atartad  at  an  altituda  of  3000  ft  (914  m)  with  al>w  oruising  powar, 
landing  gaar  up,  and  flaps  half  axtandad. 


Flgura  6.  Primary  flight  task  raoording  sheet. 
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The  flight  began  five  alias  froa  tbs  outer  Barker  (OM)  (point  in 
Figure  6)  on  a  aagnetio  bearing  of  313  degrees  to  the  XLS  navigational 
aid  looated  at  the  airport.  The  bearing  of  313  degrees  represented 
the  extended  oenterline  of  runway  31*  The  outer  Barker  was  a  low- 
frequency  radio  station;  a  visual  alert  was  provided  on  the  slaulator 
inatruaent  panel  when  the  aircraft  passed  directly  over  the  OH.  The 
subjeot  was  instructed  to  traok  the  313  degree  bearing  to  the  outer 
Barker,  execute  three  bolding  patterns  and  ooaplete  an  ILS  approach. 
The  standard  bolding  pattern  was  oval  and  oonsisted  of  executing  a  180 
degree  standard  rate  turn  (20  degrees  of  bank,  at  3  degrees  of  turn 
per  seoond),  traoking  an  outbound  heading  of  133  degrees  for  one 
alnute,  ooapletlng  a  seoond  180  degree  standard  rate  turn,  and 
traoking  an  inbound  bearing  of  313  degrees  for  one  alnute.  The 
bolding  pattern  was  initiated  and  ooapleted  at  the  outer  Barker. 

Frlor  to  ooapletion  of  the  third  holding  pattern,  the  ooaputer 
autoaatioally  generated  verbal  instructions  that  the  subjeot  was 
cleared  for  the  ILS  approach.  The  XLS  approach  froa  the  OM  to  the 
runway  oonsisted  of  a  two-dlaensional  traoking  task  involving 
indicators  that  operate  independently.  For  this  task,  the  subjects 
used  a  standard  XLS  approach  instrument,  as  shown  in  Figure  7  (the 
top,  center  inatruaent).  Tbs  vertioal  indicator,  the  looa liter  of  the 
XLS  instrusent,  represented  the  extended  runway  oenterline  bearing  of 
313  degrees  and  provided  lateral  traoking  information.  The  defleotlon 
Halts  of  the  looallser  indioator  were  ♦/-  1.5  degrees.  The 
horlsontal  Indioator,  the  glideslope  of  the  XLS  inatruaent, 
represented  a  3  degree  angle  of  desoent  to  the  runway  and  provided 
vertioal  traoking  lnforaatlon.  The  deflection  Halts  of  the 
glideslope  Indioator  were  ♦/-  0.7  degrees.  The  difficulty  of  the 
traoking  task  increased  as  the  runway  was  approaohed.  The  subjeot  was 
instructed  to  keep  both  traoking  needles  centered  by  establishing  the 
appropriate  desoent  rate  and  siaultaneously  turning  the  aircraft  to 
traok  the  looalizer.  The  glideslope  trajectory  1j  illustrated  in 
Figure  8.  The  approaoh  terminated  with  a  simulated  landing  on  runway 
31. 

Throughout  the  primary  task,  the  flight  parameters  of  altitude, 
rate  of  turn,  looalizer,  and  glideslope  traoking  were  autoaatioally 
saapled  at  1  Hz  by  the  ooaputer.  The  flight  variables  were  stored  in 
separate  arrays  during  both  the  holding  and  approaoh  phases,  depending 
on  whether  or  not  a  Sternberg  task  was  being  presented.  The 
differences  between  these  arrays  were  used  to  test  for  Sternberg  task 
Intrusion  on  the  primary  task.  During  the  holding  phase,  the  flight 
variables  were  also  stored  in  separate  arrays  depending  upon  whether 
the  airoraft  was  turning  or  in  straight  and  level  flight.  This 
distinotion  was  aade  because  the  flight  task  was  considered  to  be  aore 
diffioult  during  the  turning  portions. 
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flaura  2*  RaTigatiooal  lndloatora  on  tha  XLLXMAC  flight  ptoal  (TOP  - 
InatruMnt  Laadiai  Syttaa  (ILS)  lndloator,  CRMTIt «  IIP  Omni  Rang* 
(TOR)  ladloator,  aa4  BOTTOM  -  Autoaatio  Dlraotloa  Madia*  (AD P) 
ladloator). 
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Secondary  Task.  During  the  flight,  the  Sternberg  ohoioe  reaction 
time  task  was  randomly  presented  as  a  secondary  task  to  inoraasa  the 
workload  of  tha  subjeot.  Tha  saoondary  task  consisted  of  tha 
presentation  of  a  warning  signal,  followed  a  saoond  later  by  a 
positive  sat  of  either  2  or  4  letters  that  was  randomly  generated  for 
eaoh  presentation  froa  a  pool  of  18  letters.  Presentation  of  the 
positive  set  sixes  of  2  or  4  letters  was  alternated.  The  letters  were 
presented  by  a  voice  synthesiser.  The  test  probe  letter  was  presented 
four  seconds  after  the  last  positive  set  letter,  and  the  probe  had  a 
50?  probability  of  being  a  ass  bar  of  the  set.  The  four-second  delay 
was  incorporated  to  allow  the  echoic  short-tern  auditory  store  to  fade 
(22).  The  subject  was  instructed  to  respond  by  pressing  a  thuabswltoh 
on  the  oontrol  wheel  forward  if  the  probe  was  a  sen  bar  of  the  positive 
set  (true)  and  pulling  aft  if  it  was  not  (false)  (25).  The  subjeot 
was  instructed  to  nova  the  left  thunb  to  the  switch  upon  bearing  the 
warning  tone.  Reaction  tine  was  reoorded  with  a  resolution  of  33  aseo, 
and  if  a  response  was  not  given  within  three  seconds,  then  an  error 
was  reoorded.  The  presentation  of  the  saoondary  task  required  ten 
seconds.  The  secondary  task  was  progressed  to  ooour  randomly  at  a  50 
peroent  probability  (i.e.,  60  tlaes  out  of  120  possible  ten-seoond 
Intervals  during  a  twenty-ainute  flight). 

Prior  to  eaoh  siaulator  flight,  the  subjeots  were  lnstruoted  to 
"Aviate,  Navigate,  and  Coaaunioate."  This  instruction  provided  the 
following  priorities!  first,  oontrol  the  aircraft;  second,  praotloe 
appropriate  instrument  procedures;  and  third,  respond  to  the  saoondary 
coaaunl cation  task. 

Physiological  Recording.  The  physiological  recordings  were  Bade 
in  a  private  rooa  with  the  subjeot  resting  ooafortably  in  a  chair  with 
feet  raised.  Five  minutes  of  BO)  and  respiration  data  were  reoorded 
onto  stereo  magnetio  tape  during  the  rest  period  following  each 
siaulator  flight.  SCO  leads  were  attached  to  the  right  wrist,  the 
left  ankle,  and  the  left  arm.  The  thoracic  belt  was  fastened  seourely 
around  the  lower  ribs  to  monitor  expansion  during  normal  breathing. 

After  the  physiological  recording  session,  subjeots  answered  a 
13-ltea  symptoms  checklist  (Appendix  B).  They  were  instructed  to 
lndioate  how  they  felt  at  the  tlae  and  how  they  noraally  felt.  The 
synptoas  were  direoted  at  speoifio  antloholinergio  effeots  (i.e., 
dryness  of  the  mouth,  taohyoardia,  oyoloplegla,  photophobia,  dry  hot 
skin,  difficulty  swallowing,  and  palpitations).  Other  symptoms  were 
added  and  not  expeoted  to  yield  consistent  responses  (i.e.,  nausea, 
headaohe,  ringing  ears,  fatigue,  hyperactivity,  and  difficulty 
talking). 
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RESULTS 

frlnanr  Task 

Simulator  flight  data  for  heading,  airspeed,  ralatlva  bearing, 
rata  of  turn,  and  lataral  and  vartioal  traoklng  Mara  aaaplad  oooa  par 
aaoond.  Six  root  naan  square  (RMS)  deviation  values  Mara  oonputad 
(saa  Tabla  3)* 

Tabla  3 

Prlnarv  Taak  Dapandant  Variables 


Flight  Phase 

Dapandant  Variable 

Holding 

Root  Mean  Square  (RMS)  Errors 

Altituda  Error  While  Straight  and  Laval  (ALT1) 

Holding 

Altituda  Error  While  Turning  (ALT2)* 

Holding 

Turning  Rata  Control  While  Straight  and  Laval  (TCI) 

Holding 

Turning  Rata  Control  While  Turning  (TC2)* 

Approaoh 

Looaliser  (Lataral)  Tracking  Error  (LOC) 

Approaoh 

Olidealope  (Vartioal)  Traoklng  Error  (OS) 

*  Rata  of  Turn 

>  1.5  degrees  par  seo. 

Saaplaa  Mara  oollaotad  froa  tba  start  of  tha  priaary  task  until 
Initiating  tba  IL3  approaoh  to  ooaputa  tba  RMS  values  for  altituda  and 
turning  rata.  Tha  looalizar  and  glidaslopa  RMS  tracking  errors  ware 
ooaputed  for  the  ILS  approaoh  segnent.  Equation  1  was  used  to  ooaputa 
tha  RMS  values. 


3* 


WS  a  Square  Boot 


SOM  (Xi  -  Xfc>2 

a 
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Mberat  BKS  a  Boot  Moan  Square 

X  a  Staple  Paraaeter  (Altitude, 

Banking  Looallaer,  or  Qlldealope) 

*1  a  Value  for  tbe  1  Staple  of 
Paraaeter  X 

•  Target  Value  for  Paraaeter  X 
I  a  Total  Muaber  of  Saaplea 


Tbe  aeaa  BMS  errors  vert  plotted  aa  a  funotion  of  tlae  (flight) 
for  eaoh  of  the  six  primary  task  dependent  variables  for  the  five 
treataent  oonditlons.  (See  figures  9»  10,  11,  12,  13,  and  14).  The 
predoainant  treataent  effect  can  be  teen  by  following  the  tlae  oourae 
of  tbe  4.0  mg/ 75  kg  treataent  condition.  for  all  dependent  variables, 
tbe  Increased  mean  BMS  error  for  tbe  4.0  ag  treataent  oondltlon  Is 
apparent  for  the  seoond  poet- Injection  flight  (tlae  1:00).  Tbe  error 
oontlnuea  to  Increase  or  to  reaaln  essentially  the  saae  throughout  the 
reaainder  of  the  ekperiaental  session  for  the  4.0  ag  oonditlons  for 
all  dependent  variables.  Bo  increased  BMS  error  oan  be  seen  for  the 
first  post-injection  flight  (tlae  (20)  for  any  treataent  condition. 
There  appears  to  be  no  difference  between  the  control  and  the  0.5  and 
the  1.0  ag  treataents.  The  2.0  ag  treataent  oondltlon  shows  increased 
BMS  error  for  the  fourth  (tlae  2s  20)  and/or  fifth  (tlae  3t00)  post¬ 
injection  flight  for  ALT1,  ALT 2,  TCI,  L0C,  OS. 

The  log  BMS  soores  for  the  twenty  subjects  during  the  last  five 
flights  (post-injeotlon)  were  used  in  a  multivariate  analysis  of 
varlanoe  to  test  tbe  aaln  effects  of  treataent  (atropine  sulfate  dose 
level),  ezperiaental  session  (ooluan),  flight,  group  (row),  and 
eubjeots  (nested  within  groups).  The  data  for  one  subjeot  for  one 
flight  was  aiaslng.  The  Latin  Square  within  subjects,  repeated 
measures  analysis  previously  described  was  used  for  the  MANOVA  (36). 
An  approxlaate  P-Test,  based  on  Milks'  Criterion  (37)  resulted  in 
F(24,  193)  ■  2.60,  £<.0002  for  the  treataent  aaln  effect. 

An  approxlaate  P-test,  based  on  Milks'  criterion,  was  used  to 
test  the  aaln  effeot  of  flight  (time  since  lnjeotion)|  the  results 
were  P(24,  193)  «  2.83,  £<.0001.  The  aaln  effeot  of  subjects  nested 
within  groups  was  significant,  P(90,  1592)  a  29.32,  £<.0001.  The  main 
effects  of  experlaental  session-  and  group  were  not  significant.  The 
treataent  x  flight  interaction  was  significant,  P(96,  1604)  a  1.53, 
£<.0009.  The  treatment  by  period,  group  by  flight,  and  period  by 
flight  interactions  were  not  significant. 
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■  *  4.0  mg/75kg 
A  =  2.0  mg/75kg 

♦  =  1 .0  mg/75kg 

•  =  0.5  mg/75kg  _ 
o  =  Control  ±  SEX 


Figure  10.  Mean  root  aean  aquara  (RMS)  error  for  ALT2  (altitude 
control  while  turning)  versus  tiae  for  five  treataent  conditions. 
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Figure  1 1.  Mean  root  aean  square  (RMS)  error  for  TCI  (straight  and 
level  turning  rate  oontrol)  versus  tlae  for  five  treatment  conditions. 
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Figure  12.  Mean  root  aean  square  (RMS)  error  for  TC2  (turning  rate 
control  while  turning)  versus  tiae  for  five  treataent  oooditiona. 
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The  main  and  interaction  affaota  for  aaob  of  the  six  primary  task 
dapandant  variables  ware  tastad  using  analyses  of  varlanoe  (36). 
Table  4  summarizes  tha  results  of  tha  six  AMOYAS.  All  six  analyses 
had  significant  treatment  affaots.  Linear  contrasts  between  the 
oontrol  and  each  of  the  four  treatment  levels  of  atropine  indicated 
that  the  treatment  effsot  was  primarily  due  to  the  difference  between 
the  oontrol  and  the  4.0  mg  treatment  level.  The  0-4  mg  contrasts  for 
all  six  dependent  variables  were  significant;  the  ALT1,  ALT2,  TCI,  and 
LOC  contrast  had  a  £<.001  level  of  significance;  the  OS  oontrast  had  a 
significance  level  of  £<.01;  and  the  TC2  oontrast  had  a  £<.05  level  of 
signifioanoe.  The  oontrast  between  the  oontrol  and  the  2.0  mg 
treatment  level  for  ALT 2  (altitude  oontrol  while  turning)  was 
significant,  p<.05.  The  main  effeot  of  flight  was  significant  for 
five  of  the  primary  task  dependent  variables  (LOC  was  the  only 
exoeption).  The  treatment  by  time  slnoe  lnjeotion  interaction 
(treatment  x  flight)  was  significant  for  four  primary  task  dependent 
variables!  TCI,  TC2,  LOC,  and  OS.  The  experimental  session  effeot 
was  significant  for  TC2  only.  Therefore,  TC2  was  plotted  by 
experimental  Session  to  illustrate  the  trend  (Figure  15).  Turning 
rate  oontrol  while  turning  (TC2)  was  slgnifioantly  improved  during  the 
course  of  the  experiment. 

In  order  to  determine  the  time  during  which  atropine  produced  the 
most  significant  decrement  in  pilot  performance,  MANOVAs  were  oomputed 
for  each  flight  using  the  model  previously  disoussed  (36).  The  treat¬ 
ment  main  effeot-  was  significant  for  flights  3,  4,  5,  and  6,  but  not 
for  flight  1  (pre-injection)  and  flight  2  (the  first  post-injeotlon 
flight).  The  Fi-values  and  associated  probabilities  for  the  treatment 
effeots  for  flights  3»  4,  5,  and  6  are  as  follows:  flight  3»  F(24, 
193)  ■  1.87,  ]^<.0l;  flight  4,  F(24,  189)  •  1.88,  £<.01;  flight  5, 
f (24,  193)  »  2.30,  £<.001;  flight  6,  F(24,  193)  »  2.92,  £<.0001. 

AHOY  As  were  computed  for  each  of  the  six  primary  task  dependent 
variables  for  eaoh  flight.  The  results  are  summarized  in  Table  5. 
The  results  indioate  no  significant  differences  for  any  of  the  depen¬ 
dent  variables  for  flights  1  and  2.  Significant  differences  were 
found  for  three  of  the  primary  task  dependent  variables,  ALT1,  ALT2, 
and  TCI  for  flights  3,  4,  5,  and  6,  and  for  LOC  for  flights  4,  5,  and 
6.  A  significant  difference  was  found  for  QS  for  the  sixth  flight  and 
significant  differences  were  found  for  TC2  for  flights  3  and  6. 


Table  4 


Suaaary  of  the  f-Statlatlow  for  the  Six  Analyses  of  Tarlanoe  for  tbs 
Primary  flight  Dependent  Variables 


Dependent  Tarlable  Tested 


AM0TA 

Iffeot 

ALT1 

ALT  2 

TCI 

TC2 

L0C 

OS 

Treataent* 

8.10*” 

10.98”* 

9.49”* 

2.79* 

7.90*” 

3.16* 

flight* 

6.43*” 

5.60«» 

5.16*” 

11.53*” 

1.24 

2.62* 

Subject1* 

41.40*” 

38.15”* 

62.74*” 

44.02*” 

33.55*” 

37.96*** 

Group* 

0.95 

1.27 

0.42 

0.87 

2.51 

0.46 

Session* 

0.89 

0.29 

0.22 

2.6 2* 

0.73 

0.88 

Treataent 
x  flight0 

1.50 

1.30 

3.89*” 

1.71* 

2.31** 

1.81* 

Mote.  The  P-Statlstlos  are  reported  for  all  sain  effeots  and  those 
interactions  which  were  significant  for  any  of  the  priaary  task 
variables.  The  variable  naaes  for  the  abbreviations  are  listed  in 
Table  3. 

•£<.05.  ”£<.01.  *••£<.001. 

•P(4,  60).  by(15f  359),  °P( 16,  359). 
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Experimental  Session 


figure  rj.  Mean  root  aean  a  qua  re  (HMS)  error  for  TC2  (turning  rate 
oontrol  while  turning)  versus  experimental  session. 


Table  5 


Suaaary  of  the  F-Statiatlos  for  tho  Treatment  Effect  for  tha  Six 


Prlaa nr  Task  Dependant  Variables  for  Bach  Flight 


Flight 


Primary  Task 


Dependent  Variable 

1 

2 

3 

4 

5 

6 

ALT1 

NS 

NS 

3.43»» 

4.39** 

6.91**« 

3.31« 

ALT2 

NS 

NS 

M5" 

4.8l«* 

6.41»«» 

6.54«» 

TCI 

NS 

NS 

5.19*»* 

3.54«« 

13.06»« 

8.54»«» 

TC2 

NS 

NS 

3.B5«» 

NS 

NS 

4.04** 

OS 

NS 

NS 

NS 

NS 

NS 

4.22*« 

LOC 

NS 

NS 

NS 

6.84»m 

3.36» 

7.42«*» 

•£<.05.  ••£<.01.  •••£<.001. 
*F<4,  60). 


Contrasts  were  computed  between  tho  control 
treatment  conditions.  Tho  results  of  tho  oontra 
6.  Tho  primary  lool  of  tho  perfomanoe  decreaen 
4.0  contrasts. 


and  oaoh  of  tho  other 
ists  are  shown  In  Table 
>ts  are  In  the  0  versus 


The  log  RMS  soores  for  tho  six  prlaary  task  dependent  variables 
for  tho  fifth  flight  (2:20  post-lnjeotiorj)  were  oonverted  to 
standardized  soores.  Standardized  soores  for  each  treataent  condition 
were  plotted  on  one  graph  (Figure  16).  The  standardized  RMS  values 
for  five  of  the  six  prlaary  task  dependent  variables  (ALT1,  ALT2,  TCI, 
LOC,  and  OS)  showed  a  aonotonio  increase  froa  the  0.5  to  the  4.0  ag 
treataent  level.  Turning  rate  oontrol  while  turning  (TC2)  was 
greater  than  the  control  only  at  the  4.0  ag  treataent  level.  Three  of 
the  six  variables  (ALT1,  ALT2,  and  GS)  had  iapijoved  performance  at  the 
0.5  ag  dose  compared  to  the  placebo  oontrol. 
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Table  6 


8a— try  of  Linear  Contraete  for  Treatment  gffeot  for  Sis  Primary  Task 
Dependent  Variables  for  Saoh  Flight 


Contrasts 

■ 

Primary  Task 
Dependent 

Variable  1 

2 

3 

4 

5 

6 

ALT1 

IS 

IS 

0-4« 

0-4*« 

M»« 

0-2* 

0-4»M 

ALT2 

IS 

MS 

0-4«« 

0-2* 

0-4«« 

0-4»» 

0-4«» 

TCI 

IS 

MS 

0-4»« 

0-4»« 

0-2*« 

0-4*« 

0-4»« 

TC2 

IS 

MS 

0-1* 

NS 

NS 

0-4»» 

as 

IS 

NS 

MS 

NS 

NS 

0-4” 

LOC 

IS 

NS 

NS 

0-4»» 

0-2» 

0-4»» 

0-4»* 

•£<.05. 

••£<.01. 

•••£<.001 

.  NS  a 

Not  Significant. 
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_14.  Staadardlsot  root  ohm  o«are  dm)  trookim 
versus  atropine  sulfate  treataent  at  2i20  poat-lnjeotion. 
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Prooedurml  and  Fatal  Errors.  The  flight  path  recorder  tracings 
of  lataral  traoking  for  tho  holding  and  approaoh  phasas  of  tho 
simulator  flight  taak  wrt  visually  inapootod.  Figuro  17  illustrates 
typioal  performance  for  tho  oontrol  (plaoobo)  treatment  oondition  that 
roproaonta  "aooeptable"  porforaanoo.  Throo  flight  inatruotora 
visually  aoorod  tho  600  data  ahoota  for  "procedural*  and  "fatal" 
orrora.  Procedural  errors  were  defined  as  evidence  of  deviation  fro* 
normal  FU  instrument  flight  procedures,  temporary  loss  of  direotlonal 
oontrol  or  navigational  signals,  ainor  deviations  outaldo  of  protected 
airspace,  or  iaproper  holding  pattern  tlalng.  These  errors  were 
considered  significant,  but  were  not  expeoted  to  lead  to  daaage  to 
persons  or  property  had  they  ocourred  during  noraal  airoraft 
operations.  Fatal  errors  were  errors  that  resulted  in  major 
deviations  outside  of  protected  airapeoe,  procedural  errors  froa  wtiioh 
thsre  was  no  reoovery,  or  other  errors  whioh  were  likely  to  cause 
injury  to  persons  or  property  daaage. 

The  reliability  of  the  inter-rater  judgments  between  each  of  the 
three  instructors  was  determined.  Correlation  coefficients  were  cal¬ 
culated  by  ooaparing  the  number  of  subjeots  with  procedural  and  with 
fatal  errors  at  eaoh  treataent  level  (suaaed  for  the  last  five 
flights).  Procedural  and  fatal  errors  were  suaaarlsed  separately. 
Ten  pairs  of  soores  were  used  to  coapute  eaoh  correlation  coefficient. 
The  reliability  coefficients  were  .953,  .943,  and  .937,  whioh  indi¬ 
cated  that,  when  summarised  in  this  manner,  the  flight  instructors' 
Judgments  were  slailar.  In  order  to  determine  the  inter-rater 
reliability  of  the  Judgments  of  procedural  and  fatal  errors  at  the 
individual  flight  level,  a  separate  oount  was  made  of  the  number  of 
procedural  and  the  number  of  fatal  errors  by  eaoh  experimenter  for 
eaoh  flight.  The  basic  data  set  consisted  of  600  pairs  of  Judgments 
for  procedural  and  for  fatal  errors  for  eaoh  pair  of  raters.  Three 
correlations  wore  computed  for  the  procedural  errors  and  three  for  the 
fatal  errors.  The  correlation  coefficients  for  the  procedural  errors 
were  .56,  .60,  and  .67)  and  for  the  fatal  errors  the  coefficients 
were  50,  .57,  and  .74.  Due  to  the  laok  of  inter-rater  reliability  at 
the  individual  flight  level,  the  data  were  not  analysed  further. 

Sternberg  Secondary  Taak 


In  order  to  test  for  Intrusiveness  of  the  Sternberg  task  on  the 
primary  task,  the  differences  between  eaoh  of  the  following  primary 
task  dependent  variables  with  the  Sternberg  on  versus  off  were 
computed  and  used  as  the  raw  data  for  a  univariate  AN0VA  test!  ALT1, 
ALT2,  TCI,  TC2,  L0C,  and  OS.  Only  TC2  had  a  significant  sain  effect 
(Session,  F(4,  60)  «  2.49,  £«.04).  Two  variables,  TC2  and  AM 2  had 
significant  interactive  effeots.  These  were  the  flight  x  group 
interaction  for  ALT2  (P(16,  60)  >  2.03,  £*.03)  and  the  flight  x 
subject  (group)  interaction  for  TC2  (F(60,  358)  a  1.49,  £a.01).  The 
overall  intrusiveness  of  the  Sternberg*  task  on  the  primary  task  was 
minimal.  More  importantly,  these  findings  suggest  that  whatever 


effeot  the  3t«rnb«rg  task  may  have  bad  on  flight  performance,  It  did 
not  differ  between  drug  treatment  levels. 

In  order  to  determine  if  the  subjeota  traded  speed  for  aoouraoy 
in  their  response  to  tbe  Sternberg  task  aoross  treatment  sessions,  the 
peroent  aoouraoy  and  reaotion  times  in  seconds  were  plotted  for  the 
bolding  and  tbe  approaoh  phases  of  flight  for  eaoh  treatment  level  and 
for  the  2  and  4  positive  set  size.1  The  aoouraoy  and  reaotion  time 
data  for  the  true  and  false  responses  are  oross  plotted  in  figure  18. 
Compared  to  the  approaoh  phase,  higher  aoouraoy  and  faster  response 
times  were  found  for  the  holding  phase  for  both  positive  set  sizes,  2 
and  4.  The  data  for  the  two  phases  lie  in  oompletely  non-overlapping 
o luster*.  The  results  olearly  show  the  deoreased  level  of  performance 
and  tbe  inoreased  variability  for  both  aoouraoy  and  reaotion  tine 
during  the  approaoh  phase.  The  data  indioate  that  the  Sternberg 
task  was  a  good  secondary  task.  As  the  diffioulty  of  the  primary  task 
Inoreased  during  approaoh,  the  speed  of  responding  on  the  Sternberg 
task  sharply  deoreased  and  the  aoouraoy  of  responding  also  deoreased 
substantially.  The  random  pattern  of  data  for  the  2  and  4  positive 
set  size  and  aoross  the  different  treatment  levels  within  the  approaoh 
and  the  holding  phases  olearly  indioates  that  there  were  no  speed- 
aoouraoy  trade-offs  as  a  funotion  of  treatment  level. 

To  examine  the  effect  of  drug  dose  level  on  performance  of  the 
Sternberg  task  itself,  the  nean  true  and  false  reaotion  times  for  the 
five  post-^njeotlon  flights  for  the  twenty  subjects  were  plotted  as  a 
funotion  of  positive  set  size  (2  and  4)  for  eaoh  of  the  treatment 
levels.  The  reaotion  times  for  the  holding  phase  and  the  approaoh 
phase  were  graphed  separately  (Figure  19). 

The  data  plotted  in  Figure  19  fail  to  reveal  any  apparent 
oonsistent  treatment  effeots  during  either  the  holding  or  approaoh 
phases  for  the  true  and  false  reaotion  times.  In  addition,  the 
variability  during  the  approaoh  phase  was  substantially  greater  than 
during  the  holding  phase.  As  a  consequence  of  this  variability,  a 
deoision  was  made  to  foous  the  primary  analysis  on  the  Sternberg  data 
from  the  holding  phase.  During  the  holding  phase,  the  slopes  for  the 
true  reaction  times  were  positive  and  the  true  reaotion  times  were 
faster  than  the  false  reaotion  times.  These  results  are  oonsistent 
with  the  Sternberg  model.  The  negative  slopes  of  the  false  reaotion 
times  for  the  holding  phase,  however,  are  not  oonsistent  with  the 
Sternberg  model. 

An  analysis  of  varianoe  was  used  to  test  the  signif ioanoe  of  the 
mai.n  effeots  of  treatment,  flight,  session,  group,  positive  set  size, 
and  true-false  for  the  reaotion  time  dependent  variable;  the  following 
first  order  interactions  were  also  testedi  treatment  x  true-false; 
treatment  x  positive  set  size;  and  the  positive  set  size  x  true-false 
interactions  for  the  reaotion  time  dependent  variable.  There  was  no 
or  period  main  effeots  significant.  The  true-false  main  effect  was 
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treatment  aain  effect,  nor  were  the  flight,  positive  set  sise,  group 
signifiosnt,  PCI,  15)  *  69.1,  £<.0001.  The  true-false  z  positive  set 
sise  interaction  was  significant,  F(1,  15)  *  9.95,  £<.00?,  as  was  the 
treatment  3  period  interaction  P(16,  76)  «  4.16,  £<.0001. 

An  AMO  Vi  was  used  to  test  the  significance  of  the  aain  effects  of 
treatment  flight,  session,  group,  and  positive  set  sise  for  the 
aoouraoy  dependent  variable)  first  order  interactions  were  also 
tested.  There  was  no  treatment  nain  effect,  nor  were  the  flight, 
group,  session,  or  positive  set  sise  aain  effeots  significant.  The 
treatment  s  session  and  the  treatment  x  positive  set  size  were 
significant  (£<.01 ). 

Physiological  Results 

The  SCO  and  respiration  recordings  were  analyzed  using  the 
speotral  analysis  methods  described  by  Forges  et  al.  (26).  The  ECO 
data  collected  during  eaoh  five-minute  recording  period  were  digitized 
and  the  mean  heart  period  and  the  heart  period  variance  were  computed. 
The  digitized  data  were  analyzed  to  compute  V,  or  the  variance  of  the 
heart  period  for  the  frequency  band  whioh  corresponds  with  normal 
respiration  (i.e.,  0.12  to  0.40  Hs).  The  V  and  the  HPV  were 
transformed  using  a  natural  logarithm  transformation  to  normalize  the 
distributions.  The  respiratory  recordings  were  submitted  to  speotral 
analysis  to  verify  that  breathing  frequencies  remained  in  the  0.12  to 
0.40  Hz  frequency  band. 

Means  for  the  MHP,  the  HPV  and  the  V  distributions  were  oomputed 
for  eaoh  treatment  condition  for  eaoh  of  the  six  physiological 
recording  periods.  These  means  are  illustrated  in  Figures  20,  21,  and 
22,  respectively.  The  -»05  time  period  for  each  figure  represents  the 
pre-injection  baseline  recording  for  eaoh  of  the  five  treatment 
conditions.  The  mean  and  the  standard  error  of  the  mean  (SB  X)  for 
the  control  treatment  condition  for  each  time  period  are  shown  in  eaoh 
figure  as  well  as  the  means  for  the  four  levels  of  atropine.  The  pre- 
injeotion  baseline  data  for  all  three  dependent  variables  are  closely 
grouped,  whioh  indicates  no  pretreatment  differences. 

The  means  for  the  heart  period  data  (Figure  20)  reveal  several 
important  trends.  There  is  a  decrease  in  MHP  for  the  4.0,  2.0,  and 
1.0  mg  treatment  conditions  for  the  first  post-injection  time  period 
(:35).  The  peak  effect  for  the  4.0  mg  treatment  condition  ooourred 
during  this  period  and  was  followed  by  a  gradual  recovery  which  was 
still  in  progress  at  the  end  of  the  experimental  session.  The  time 
oourse  of  the  2.0  mg  treatment  condition  was  similar,  but  the  gradual 
recovery  was  not  seen  until  the  third  post-injection  period  (It 55). 
The  peak  effect  of  the  1.0  mg  treatment  condition  occurred  during  the 
second  post-injection  period  (1:15)  followed  by  a  gradual  recovery 
which  was  complete  by  the  fifth  post-injection  period  (3s  15).  The  0.5 
mg  treatment  condition  showed  an  increase  in  the  mean  heart  period 
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Figure  20;.  Mean  heart  period  (NBP)  versue  tiae  for  flee  treatment 
oonditions. 


Mean  HPV  (In  MSEC2) 
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figure  22.  Nm  resplrstecy  el  bus  enrtiytiadL*  amplitude  estlaats  (?) 
▼•reus  ties  for  five  tree feet  oondltiona. 


followed  by  a  reoovery.  The  Man  for  thraa  of  tha  final  four  post* 
injection  periods  for  the  0.5  mg  treatment  oondition  slightly  exceeded 
♦1  SI  Z. 

examination  of  tbs  HP?  means  (Figure  21)  and  the  ?  means  (Figure 
22)  indicates  similar  dose- response  time  trends  for  the  4.0,  2.0,  and 
1.0  mg  treatment  oonditions  as  those  observed  for  the  MPH  treatment. 
The  means  for  the  0.5  mg  treatment  oondition,  however,  do  not  appear 
to  deviate  signifioantly  from  the  oontrol  mean  for  any  gf  the  post- 
lnjeotion  tine  periods  for  either  the  HP?  or  the  ?  treatment 
oondition. 

The  pre-injection  reoording  (time  ■  -i05)  was  tested  for 
significance.  The  pro- Injection  main  effect  for  group  (dose  sequence 
and  randomly  assigned  subjects  to  groups)  was  not  significant  for  any 
of  the  three  dependent  variables. 

AM0?As  for  the  MHP,  HP?,  and  ?  dependent  variables,  using  the 
Latin  Square  within  subjeots,  repeated  measures  analysis  (36)  were 
used  to  test  the  significance  of  the  main  effects  of  treatment,  time 
(post-injection  time  period),  subjects  (nested  within  groups),  group 
(row),  and  experimental  session  (column)  for  each  of  the  three 
dependent  variables.  The  first  order  interaction  effeota  were  also 
tested.  The  results  for  the  main  effects  and  the  treatment  x  time 
interaction  of  the  three  AM0?As  for  MHP,  HP?,  and  V  are  summarised  in 
Table  7. 

For  all  thr*«  dependent  variables,  the  main  effects  of  treatment 
and  time  (post-injection)  were  significant  as  was  the  treatment  by 
time  interaction.  The  subjeots  (nested  within  groups)  effect  was  also 
significant,  but  the  group  and  experimental  session  main  effeots  were 
not  significant.  The  significant  treatment  by  time  (post-injeotion) 
interaotlon  desoribed  the  time  duration  of  the  atropine  sulfate 
effeot.  In  order  to  examine  the  time  course  of  the  treatment  effeot 
of  atropine,  an  analysis  of  variance  was  oomputed  for  eaoh  post- 
injection  tine  period  for  eaoh  dependent  variable.  The  treatment  main 
effeot  for  eaoh  post-injeotion  time  interval  was  significant  for  each 
of  the  three  dependent  variables.  The  F-statistios  for  all  tests  were 
significant  (£<.0001). 

Linear  contrasts  were  used  to  determine  treatment  effeots  between 
the  placebo  and  each  of  the  other  four  treatment  oonditions.  The 
results  of  the  linear  contrasts  for  eaoh  of  the  post-injection  times 
for  the  three  dependent  variables  are  suamarized  in  Table  8. 

The  contrasts  between  the  oontrol  and  the  2.0  mg  and  between  the 
oontrol  and  the  4.0  mg  treatment  oonditions  for  all  three  dependent 
variables  were  significant  (£<.0001)  for  all, post-injection  time 
periods,  which  indicates  that  the  MHP,  HPV,  and  V  all  failed  to  return 
to  the  control  level  during  the  experimental  session.  The  contrasts 
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Table  7 


Suaaary  of  the  F-Statistlca  for  the  Three  Analyses  of  Tarlanoe  for  the 
Physiological  Dependent  Variables  “ 


Halo  and  Interaction  Bffeote 

mr 

Dependent  Variable 

HPT 

44 

T 

Treataent* 

102.09* 

206.48* 
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XmbU  8 


8 u— ary  of  the  Lin—. r  Contrasts  for  Tree tgent  Effeot  for  Physlologloal 
Dajgendent  Variables  for  Baoh  Posfc-Injeotion  Tl—  Period 
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MS  =  Hot  Signf leant. 
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between  the  0  and  the  1.0  ag  treataent  oondltioo  were  significant  for 
the  first  three  post-in Jeotion  psriods  for  tbs  HPT;  tbsss  oontrasts 
wsrs  significant  for  tbs  ssoond  (1*15),  third  p*55),  and  fourth 
(2*35)  post-injeotion  psriods  for  tbs  MHP  and  T»  Ths  oontrasts 
between  0  and  1.0  ag  wars  not  significant  for  tbs  final  post-injeotion 
period  (3*15)  for  any  of  tbs  throe  dependent  variable*-.  This  finding 
indioates  that  tbs  reoovery  was  ooaplete  for  all  three  dependent 
variables  at  3*  15  post- injection  for  tbs  1.0  ag  treataent  oondition. 
NOne  of  tbs  oontrasts  were  signifioant  between  the  0  and  0.5  ag 
treataent  oonditions  for  HPT  and  T  and  only  tbs  first  oontrast  for  tbs 
*35  post-injeotion  period  and  the  last  (3*15)  for  MHP  was  significant. 
Examination  of  figure  20  ol early  indioates  that  tbs  first  difference 
was  the  result  of  a  significant  inorease  in  the  MHP  (bradyoardia)  for 
the  0.5  ag  treataent  oondition  for  the  first  post-injeotion  period 
ooapared  to  the  oontrol  oondition.  The  0.5  ag  treataent  oondition  had 
no  significant  effeot  on  HPT  or  ¥. 

The  respiratory  data  were  aubjeoted  to  speotral  analysis  and  the 
resultant  speotral  densities  were  checked  to  verify  that  the  dominant 
respiratory  frequency  oocurred  within  the  0.12  to  0.40  Ha  range  for 
all  subjeats  during  all  treataents.  Six  hundred  analyses  were 
exaalned;  975  displayed  a  aaxlaal  respiratory  peak  within  the 
specified  range  (see  the  exaaple  in  Figure  23a).  ipproxiaately  105 
(of  the  975)  bad  soae  interference  froa  oardiao  activity  at  the  high 
frequencies.  However,  in  the  analyses  with  oardiao  interference,  the 
noraal  respiratory  peak  was  still  observable  (figure  23b).  Less  than 
25  displayed  peak  respiratory  frequencies  greater  than  or  equal  to  the 
Halts  of  the  0.12  to  0.40  Ha  range,  and  15  of  the  recordings  were 
unreadable.  Therefore,  the  use  of  the  noraal  respiratory  range  was 
Justified  for  the  RSA  estimates  in  the  present  study. 

The  KD50s  of  the  atropine  for  the  three  dependent  variables  were 
estlaated  using  problt  analysis.  The  quantal  response  used  as  the 
criterion  was  a  305  decrease  in  MHP,  HPT,  or  T.  The  nuaber  of 
individuals  that  had  a  305  deorsase  for  eaoh  treataent  level  was  used 
for  the  probit  analysis  for  eaoh  dependent  variable.  The  BD50s  of 
atropine  for  the  305  deorease  were* 


(a)  MHP  «  2.52  ag  (X2(2,  N*4)  a  2.57,  £*.28)> 

(b)  HPV  a  1.61  ag  (X2(2,  MM)  a  6.58,  £a.04);  and 

(o)  T  =  0.98  ab  QC2(2,  N»4)  a  1.21,  £a.55). 


When  the  ED50s  of  the  three  dependent  variables  were  compared,  RSA 
amplitude  (V)  was  the  most  sensitive  indicator  of  the  vagolytic 
effects  of  atropine  sulfate. 
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Tba  baseline  (pre-injeotioe)  and  oontrol  (taro  dosa)  astiaataa  of 
B SA  vara  exaalncd  using  feba  average  ranga  (AB)  natrlo  of  Sldall  and 
Caalnskls  (38).  Tbo  blghaat  AB  observed  for  an  individual  was  38.5} 
and  tba  naan  AB  over  all  20  subjaota  was  15.0}. 

Syaptoas  Chaolt Hats.  Tba  mmbsr  of  Individuals  wbo  raportad 
syaptoas  on  tba  obsoklists  was  talllad  for  aaob  treataent  laval  and 
SD50s  wars  estimated  for  6  of  tba  13  syaptoas  using  probit  analysis. 
Tbsas  six  syaptoas  wars  tba  aost  frequently  and  oonsistsntly  raportad 
syaptoas  during  tba  study.  Tba  otbar  savan  wars  altbar  poorly 
oorralatad  to  dosa,  or  tba  astlaatas  obtained  wars  unreal is tlo.  Tba 
rasults  for  tba  six  syaptoas  ara  liatad  in  Tabla  9*  Tba  8D50  astiaata 
for  tba  syaptoa,  "Dry  Moutb,"  was  0.34  ag  of  atropina  and  tba  Chi- 
Square  of  1.34  indioatad  a  good  fit  of  tba  astiaatad  probit  llna.  Tba 
BD50  of  2.11  ag  of  atropina  for  "Diffloult  to  Swallow"  on  tba  Chi- 
Squara  of  0.06  indioatad  that  tba  data  fit  tba  problt  llna  astiaata. 
For  tbs  syaptoa,  "Hard  to  Baad  C booklist,"  tbs  ED50  astiaata  was  3*29 


Tabla  9 

ID 50  Istiaatas  for  Six  of  tba  Raportad  Syaptoas 


Syaptoa  Raportad 

ID 50  (ag) 

Chi-Square* 

Dry  Mouth 

0.34 

1.34* 

Diffloult  to  Swallow 

2.11 

0.06" 

Racing  Heart 

2.58 

2.74 

Hard  to  Read  Cheoklist 

3.29 

0.90" 

Lights  Bright 

4.28 

4.38 

Fluttery  Chest 

5.07 

0.35" 

Mots.  BD50  *  the  effective  dose  level  (ag)  at  which  50}  of  the 
individuals  display  the  response  (syaptoa). 


■g  of  atropin*  with  *  Chi-Square  of  0.90f  whioh  indioated  a  good  fit. 
Pinal ly,  tba  ED50  for  "Fluttery  Chest"  was  5.07  ag  of  atropine)  the 
Chi-Square  of  0.35  indioated  a  good  fit  to  the  eatlaated  probit  line. 
Qood  fits  to  the  probit  line  estinate  were  not  obtained  for  "Raolng 
Heart",  with  an  estiaated  BD50  of  2.58  ag  of  atropine  and  for  "Lights 
Bright,"  with  an  estiaated  SD50  of  4.26  ag  of  atropine. 

Post-Partlolpatlon  Questionnaire.  After  the  study  ended,  the 
subjects  were  asked  to  ooaplete  the  post- participation  questionnaire 
in  Appendix  C.  nineteen  of  the  twenty  subjeots  ooaplled.  Proa  those 
results,  it  is  apparent  that  all  persons  receiving  4.0  ag  of  atropine 
sulfate  perceived  the  effects.  About  two-thirds  ooaplained  of  visual 
probleas,  and  approxiaately  one-third  ooaplained  of  dizziness, 
headaohe,  fatigue,  and  oonfusion.  Eleven  (595)  reported  that  the 
syaptoas  were  worse  than  expeoted  and  would  not  partloipate  in  a 
slailar  experiaent  again.  The  side  effects  of  the  4.0  ag  treataent 
level  were  felt  for  an  average  of  14  hours  with  a  range  of  2  to  48 
hours  reported. 


DISCUSSION 


The  results  froa  the  priaary  task  dependent  aeasures  olearly 
indicate  the  effeots  of  atropine  on  pilot  perforaanoe.  Baoh  of  the 
six  priaary  task  dependent  aeasures  were  signlfioantly  affeoted  by 
atropine  and  all  variables  exoept  the  looalizer  traoklng  variable 
showed  a  significant  tlae  (flight)  effeot.  The  tiae  x  flight 
interaction  was  significant  for  four  of  the  priaary  task  dependent 
variables.  None  of  the  priaary  task  perforaanoe  decrement  effeots, 
however,  were  observed  for  the  first  poat-injeotion  simulator  flight. 
The  first  significant  effeots  were  found  for  the  second  post-injeotion 
flight  (ItOO  post-injeotion).  Contrasts  for  this  flight  indioated 
that  the  effeots  were  due  to  the  differences  between  the  0-4  ag 
treataent  condition  for  altitude  and  heading  control  while  straight 
and  level,  and  for  altitude  oontrol  while  turning.  These  variables 
were  the  aost  sensitive  of  the  priaary  flight  dependent  aeasures  to 
the  effeots  of  atropine.  Significant  effeots  were  found  for  this 
treataent  level  for  the  remainder  of  the  flights  at  the  following 
post-injeotion  tiae  periods!  1:40,  2:20,  and  3:00. 

The  final  flight  occurred  3  hours  post-injeotion  and  was  the  only 
flight  for  which  the  treataent  effects  for  all  of  the  primary  flight 
dependent  aeasures  were  significant.  Contrasts  for  this  flight 
indioated  that  the  principal  treataent  effect  was  the  4.0  mg  dose 
level,  although  one  0-2  ag  contrast  was  significant.  These  data  and 
the  aean  RMS  error  data  for  all  six  priaary  task  dependent  variables 
for  the  4.0  ag  treataent  level  fail  to  indicate  any  substantial  trend 
toward  reversal  of  the  perforaanoe  deoreaent  process.  Indeed,  a 
substantially  longer  experimental  session  would  have  been  required  to 
perait  perforaanoe  to  return  to  the  baseline  condition. 
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The  oontrasts  for  the  treatment  effeofc  for  the  six  primary  task 
dependent  variables  for  eaoh  flight  indloated  that  the  0-4  ag 
treatment  contrast  was  slgnlfloant  for  17  of  18  oontrasts  oomputed. 
This  finding  lndioates  that  the  4.0  ag  treatment  oonditlon  produoed 
the  most  slgnlfloant  effects  for  eaoh  dependent  variable  aorosa  the 
last  four  post-injeotion  time  periods.  Four  of  the  oells  wbioh  had 
slgnlfloant  0-4  mg  oontrasts  also  had  slgnlfloant  0-2  ag  oontrasts, 
whioh  indloated  that  the  2.0  mg  treatment  level  produoed  a  substantial 
perforaanoe  decrement.  The  0-1  ag  contrast  for  the  TC2  variable  for 
the  third  flight  was  slgnlfloant. 

The  4.0  mg  treatment  oonditlon  consistently  resulted  in 
performance  deoreaents  for  flight  tasks  observed.  Some  perforaanoe 
decrements  ooourred  for  the  2.0  mg  treatment  level,  but  these 
deoreaents  appeared  later,  were  not  as  oonsistent  across  flight  tasks, 
and  generally  persisted  for  a  shorter  time  duration  compared  with  the 
4.0  ag  treatment  effeota.  These  dose-response  relationships  were 
expeoted.  No  substantial  primary  task  perforaanoe  deoreaents  should 
be  expeoted  for  the  0.5  and  the  1.0  mg  treatment  conditions. 

A  comparison  of  the  six  primary  task  dependent  variables  at  the 
2:20  post-injection  time  period  indloated  that  five  of  the  variables 
showed  a  aonotonlo  inoreaae  in  mean  RMS  error  (reduced  perforaanoe)  as 
the  level  of  atropine  was  inoreased  beyond  0.5  mg.  This  finding 
demonstrated  the  orderliness  of  the  dose-response  of  atropine  when 
measured  by  the  primary  task  dependent  measures.  Other  investigators 
have  found  dependent  variables  involved  in  a  pilot's  control  of  a 
flight  simulator  to  be  sensitive  to  the  following  toxic  substanoes: 
seoobarbitol  (7)}  aloohol,  (8,  9,  10,  11,  12);  marijuana,  (13)}  and 
anti-emetio  drugs,  (14).  The  present  study  has  olearly  demonstrated 
that  RMS  error  for  altitude  and  heading  oontrol  while  both  straight 
and  level  and  turning,  and  for  dual  task  tracking  is  effeotive  in 
deteoting  over  time  the  dose-response  effeots  of  atropine. 

Some  perforaanoe  decrement  should  be  expeoted  within  1:40  after 
injecting  2.0  ag  of  atropine  and  substantial  perforaanoe  deoreaents 
should  be  expected  within  1:00  hour  of  administering  a  4.0  ag 
injection  of  atropine.  The  substantial  perforaanoe  effeots  of  the  4.0 
ag  dose  level  should  be  expeoted  to  oontinue  for  over  two  hours. 

Klein  (39)  reooaaended  that  the  known  perforaanoe  decrements 
resulting  from  ethanol  be  used  as  references  for  other  drugs.  In 
order  to  provide  this  reference,  the  average  deoreaents  from  this 
study  were  compared  to  the  results  of  a  study  (12)  which  used  methods 
similar  to  those  used  in  the  present  study  to  examine  the  effeots  of 
0.014*,  0.038*,  and  0.082*  Blood  Aloohol  Levels  (BALs).  The 
differenoe  between  treatment  means  and  the  placebo  means  for  the  five 
primary  tasks,  for  which  a  significant  alcohol  treatment  effect  was 
found,  was  used  to  calculate  the  percentage  performance  decrement  for 
the  0.082*  BAL  level  for  the  five  dependent  variables.  The  percentage 
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performance  decrements  ranged  from  4.4)  to  11.1).  These  decrements 
for  the  0.08?)  BAL  level  were  used  as  the  quantal  response  oriterla. 
The  number  of  subjects  for  eaoh  atropine  treatment  level  that  exoeeded 
the  oriterla  for  any  of  the  five  dependent  variables  was  oaloulated. 
Probit  analysis  was  used  to  estimate  the  BD50  for  the  level  of 
atropine  equivalent  to  the  decrement  found  for  the  0*082)  BAL  ethanol 
level.  The  result  was  an  BD50  of  3.12  mg  of  atropine  sulfate 
(  2(if  1*4)  *  0.0001,  £*  .997).  The  Chi-Square  provided  a  very  good 
fit  to  the  probit  line  estimate.  These  data  indioate  that  in  fifty 
peroent  of  the  pilots,  the  performance  decrement  on  at  least  one  of 
the  primary  flight  tasks  caused  by  a  3  mg  injection  of  atropine  will 
be  similar  to  that  caused  by  a  0.082  BAL. 

It  should  be  noted,  however,  that  this  analysis  was  provided  in 
order  to  give  some  indication  of  the  magnitude  of  the  performance 
decrement  as  a  result  of  a  2.0  or  4.0  mg  atropine  injection.  There  is 
some  evidenoe  that  the  observed  performance  decrements  on  the  primary 
tasks  may  represent  a  conservative  estimate  of  pilot  performance  that 
nay  coour  in  the  aircraft.  Billings  et  al.  (7)  found  smaller 
performance  decrements  in  the  simulator  than  in  the  aircraft. 

The  Sternberg  task  dearly  fulfilled  its  role  as  a  secondary 
task,  loading  the  pilot's  residual  oapaoity.  This  load  was  most 
dearly  demonstrated  by  the  differences  in  Sternberg  task  performance 
between  holding  and  approach  phases. 

Interestingly,  despite  the  pronounced  effects  of  drug  treatment 
on  the  primary  flight  task,  drug  treatment  failed  to  show  any 
influences  on  the  Sternberg  task.  Three  possible  explanations  may  be 
offered  for  this  laok  of  effect} 

(1)  Subjeots  treated  the  Sternberg  task  as  "primary,”  and 
allocated  resources  away  from  the  flight  task  to  protect  it  from  the 
detrimental  effeots  of  the  drugs.  This  appears  to  be  unlikely, 
however,  because,  as  reported  above,  the  effect  of  the  Sternberg  task 
on  tracking  performance  did  not  differ  as  a  funotion  of  drug  level. 
It  would  have  been  expeoted  to  do  so,  if  the  subjeots  had  treated  the 
Sternberg  task  as  a  primary  task. 

(2)  Systematic  drug  effects  on  the  Sternberg  task  were  masked  by 
the  high  degree  of  between  and. within  subjeot  variability  in  the 
measure.  This  variability,  coupled  with  the  low  power  of  the  design, 
led  to  the  negative  effeots  that  were  observed.  This  explanation  is 
also  somewhat  unlikely  beoause  the  data  in  the  holding  phase  were  in 
fact  quite  orderly  with  regard  to  the  effeots  of  set  size  and  response 
type.  This  orderliness  would  not  have  been  expected  had  there  been 
high  levels  of  variability. 

(3)  The  third  hypothesis  is  that  atropine  sulfate  failed  to 
lnfluenoe  the  cognitive  processes  involved  in  performing  the  Sternberg 
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task.  This  oonoluslon  then  requires  an  examination  of  the  differences 
between  the  Sternberg  task  (unaffeoted)  and  tbe  flight  task 
(affected).  Task  analysis  reveals  a  large  number  of  characteristics 
upon  whioh  tbe  two  tasks  differ.  These  inolude  the  complexity  and 
modality  of  the  input  (one  auditory  input  versus  several  visual 
inputs),  the  oode  of  oentral  processing  (verbal  versus  apatial),  and 
the  complexity  of  response  (discrete  versus  analog).  Zt  can  be  stated 
with  some  degree  of  oertainty  that  it  is  not  simply  the  greater 
absolute  difficulty  of  the  flight  task  that  led  to  its  greater 
susceptibility  to  tbe  treatment.  Suoh  an  explanation  might  aooount 
for  a  difference  in  effeot  between  single  task  flight  and  single  task 
Sternberg  performance,  but  not  between  single  task  flight  and  dual 
task  Sternberg.  In  faot,  if  the  absolute  difficulty  were  responsible 
for  the  difference  in  effeot,  then  the  greatest  drug  effeot  should  be 
expected  in  the  dual  task  condition.  This,  of  course,  was  not  found. 
Determining  precisely  whioh  information  processing  oharaoterlstlos 
made  the  Sternberg  task  immune  fro*  the  atropine  sulfate  levels 
employed  here,  while  at  tbe  same  time  oaused  flight  performance  to  be 
adversely  affected,  will  require  that  further  data  be  collected  in 
order  to  examine  Information  processing  skills. 

Aside  from  the  absence  of  a  drug  effeot  on  tbe  Sternberg  task,  a 
secondary  effeot  that  was  of  interest  was  the  significant  interaction 
between  memory  set  size  and  response  type.  The  unexpected  form  of 
this  interaction  related  to  the  negative  slope  of  the  false  responses 
(i.e.,  "false"  responses  were  faster  to  a  set  size  4  than  to  a  set 
size  2).  While  Sternberg's  memory  search  model  provides  no  ready 
ounting  for  such  a  finding,  the  assumptions  of  that  model  are  based 
entirely  on  single  task  data.  In  oontrast,  Mloallizi  and  Wiokens  (20) 
reviewed  the  applications  of  the  Sternberg  Task  to  dual  task 
environments  and  noted  two  investigations,  by  Spiouzza,  Pinous,  and 
O'Donnel  (40)  and  Crawford,  Pearson,  and  Hoffman  (41),  in  whioh 
negative  slopes  in  the  3ternberg  Task  were  obtained  in  dual  task 
conditions.  Interestingly,  both  of  these  studies  Involved 
applications  of  the  Sternberg  task  to  the  flight  simulator  environment 
with  auditory  stimulus  presentation— precisely  the  same  conditions 
employed  here.  Furthermore,  the  negative  slope  for  "false"  responses 
obtained  in  the  present  results  is  also  consistent  with  the  data  from 
a  second  study  currently  being  conducted  in  our  laboratory. 

Researoh  is  currently  underway  in  our  laboratory  to  determine  the 
possible  cause  of  the  negative  slope  for  "false"  responses.  One  * 
speoifio  hypothesis  is  that,  when  confronted  with  a  stimulus  that  does 
not  matoh  a  representation  in  memory  on  a  set  size  4  trial,  subjects 
truncate  their  search  process.  The  consequence  would  i>e  a  more  rapid, 
but  potentially  less  accurate  response  (i.e.,  an  increased  chance  of 
saying  "no"  to  a  positive  stimulus).  This  strategy  in  turn  would 
produoe  a  higher  error  rate  for  positive  stimuli.  The  data  from  the 
ongoing  study  are  currently  being  examined  to  determine  if  this  is  the 
case. 
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At  the  present  time  we  are  unable  to  interpret  the  treatment  x 
experimental  interaction  found  for  both  the  RT  and  aoouraoy  variables. 
The  treatment  x  set  size  is  also  puzzling.  Further  studies  will  be 
required  to  interpret  these  interactions. 

The  MHP,  HP?  and  ?  data  dearly  indicate  the  physiologioal 
effeots  of  atropine  sulfate  and  the  tine  oourse  of  the  effect.  The 
decrease  in  MHP  for  the  4.0,  2.0,  and  1.0  mg  treatment  conditions 
observed  during  the  first  post-injection  recording  period  (t35)  was 
expected.  Other  investigators  (3,  4,  5)  have  reported  an  early  onset 
of  rapid  tachyoardla.  Sinoe  the  peak  effeot  of  reduoed  MHP  for  the 
4.0  mg  treatment  was  observed  during  the  first  physiologioal  recording 
period  in  the  present  study,  the  early  tine  oourse  and  the  absolute 
peak  effect  cannot  be  determined  with  certainty.  The  gradual  recovery 
of  MHP  for  the  4.0  mg  treatment  condition  was  orderly  and  still  in 
progress  at  the  end  of  the  experimental  session.  The  time  oouraes  of 
the  2.0  mg  and  the  1.0  mg  treatment  conditions  were  similar  to  the 
time  oourae  of  the  4.0  mg  treatment  condition.  The  observed  dose- 
response  relationships  were  also  expected.  The  MHP  data  for  the  0.5 
mg  treatment  level  showed  the  expected  bradycardia  followed  by  a 
recovery.  Cullunblne  et  al.  (3)  reported  similar  increases  in  mean 
heart  period  for  low  atr  pine  levels. 

The  HP?  and  the  f  means  showed  similar  dose-response  time  trends 
as  those  observed  for  the  MHP  means,  except  no  bradyoardia  was 
observed  for  the  0.5  mg  treatment  condition.  Higher  atropine  levels 
resulted  in  rapid  parasympathetic  effeots  as  had  been  reported  by 
Ketohum  et  al.  (4).  The  rapid  onset  of  the  physiologioal  effeots  and 
partial  reoovery  indicates  rapid  blooking  of  the  vagal  influence  on 
the  heart.  The  observed  partial  recovery  from  the  vagal  block  for  the 
2.0  and  4.0  mg  dose  levels  during  the  final  two  hours,  while 
performance  effects  were  increasing,  may  indicate  that  the  predominant 
vagal  effeot  of  atropine  sulfate,  at  these  dose  levels,  is  related  to 
the  afferent  feedback  from  the  stretch  receptors  of  the  lungs  to  the 
medullary  area.  Porges  et  al.  (26)  discussed  this  physiologioal 
meohanism  as  one  of  the  mechanisms  for  RSA.  Tongue  et  al.  (27)  had 
previously  demonstrated  that  injections  of  atropine  aethylnitrate  in 
rats  produced  a  peripheral  block  of  the  vagus  and  decreased  V. 

As  expeoted,  the  dose-response  relationships  for  performance 
effeots,  physiologioal  effects  and  symptoms  varied  significantly  among, 
the  individual  subjects.  Probit  analysis  provided  estimates  that 
aocount  for  individual  differences.  Comparisons  of  the  estimates  of 
the  atropine  level  at  which  50%  of  the  population  will  experience  a 
30%  decrease  in  MHP  clearly  indicated  that  7  was  the  most  sensitive 
indicator  of  the  effeots  of  atropine  on  the  vagal  influence  of  the 
heart.  These  findings  support  the  conclusions  of  Tongue  et  al.  (27). 
They  concluded  that  V  is  sensitive  to  changes  in  the  vagal  influence 
on  the  heart  and  that  7  responded  in  a  different  manner  than  MHP  and 
HP?. 
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!  heart  period  data  in  this  study  were  converted  to  heart  rate 
to  oonpare  the  results  to  those  reported  by  Ketohua  et  al. 
SD50  for  a  30$  inorease  in  heart  rate  was  ooaputed  after 
g  the  heart  period  data  to  estimated  heart  rates  (HR  •  1000  / 
.  This  SO 50  was  1.66  ag  0C2( 2,  Nat)  a  2.478,  £a.29).  The 
sulated  to  be  1.32  ag  by  Ketohua~et  al.  (4)  was  similar  to 
rved  in  the  present  study.  The  ainor  difference  between  the 
was  probably  due  to  the  longer  sample  intervals  (40  ainutes) 
resent  study.  The  use  of  probit  analysis  to  rank  order 
e  symptoms  and  to  give  estimates  of  ED50s  is  informative.  As 
if  a  0.5  ag  injection  of  atropine  sulfate  is  given,  one  oan 
t  of  the  population  to  experience  dry  aouth.  Clinically,  0.4 
opine  sulfate  is  used  to  produoe  that  particular  syaptoa.  A 
vel  of  atropine  will  produoe  the  saae  effeot  for  a  longer 
The  2.0  ag  level  will  produoe  diffioulty  in  swallowing  and 
soae  complaints  of  taohyeardla.  The  4.0  ag  level  will  produoe  higher 
incidences  of  the  syaptoas  produoed  by  the  lower  dose  as  well  as 
visual  effects  that  aay  be  very  significant  to  aviators. 

The  side  effects  froa  the  4.0  ag  atropine  injection  were  reported 
to  continue  for  an  average  of  14  hours  after  the  injection.  This 
finding  j  was  comparable  to  the  typical  duration  of  effeots  reported  by 
Ketohug  et  al.  (4)  of  10  to  12  hours.  The  subjeots*  ooaaents  about 
dizziness  and  the  occasional  note  by  the  RMs  about  ataxia  indicate 
that  these  syaptoas  should  also  be  quantified  in  future  atropine 
sulfatel  studies. 

The  use  of  atropine  sulfate  during  complex  task  perforaanoe  Is 
not  normally  recommended.  However,  in  the  case  of  ailitary  pilots  who 
are  required  to  operate  in  a  high  risk  oheaical  warfare  environment, 
auto-injection  and/or  pretreataent  with  atropine  sulfate  aay  be 
essential  to  survival.  A  single  2.0  ag  atropine  self-injeotion  is 
expected  to  result  in  soae  reduced  ability  to  perfora  complex  pilot 
tasks,  ^id  should  be  used  only  when  there  is  a  vary  high  probability 
of  exposure.  This  oonolusion  is  different  than  that  reported  by 
Culluablne  et  al.  (3),  who  reported  that  2.0  ag  oan  be  recommended  as 
a  safe  dose  in  the  absenoe  of  anticholinesterase  exposure.  A  4.0  mg 
lnjeotion  was  found  to  produce  significant  perforaanoe  decrements  and 
to  dearly  increase  the  risk  of  error  by  pilots  while  performing 
ooaplex  tasks.  In  the  case  of  known  ohemioal  agent  exposure,  the 
tolerance  to  atropine  sulfate,  however,  is  auoh  greater  and  one 
assumes  that  atropine  oan  be  injected  without  increasing  the  risk  of 
additional  perforaanoe  decrements. 

The  difference  in  the  time  oourse  of  the  dose-response 
relationships  for  performance  decrements,  physiological  response  and 
syaptoas  was  one  of  the  most  interesting  findings  of  the  present 
study.  This  finding  also  appears  to  provide  information  of  potential 
operational  significance  for  the  use  of  atropine  sulfate  among  Army 
aviators. 
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The  performance  deoreaents  for  the  2.0  ag  atropine  level  were  not 
significant  until  1:40  post-injection*  At  the  4.0  ag  level  of 
atropine ,  the  perforaanee  decrements  were  significant  during  1:00 
post-lnjeotion.  On  the  other  band,  the  physiological  effects  were 
noted  at  :35  post-injection.  Onlike  the  iaaediate  parasympathetic 
effeots  (i.e.,  dry  aouth  and  taobyoardia)y  the  perforaanoe  deoreaents 
lag  considerably.  The  tiae  course  of  the  performance!  and 
physiological  effects  found  in  this  study  are  supported  by  the 
findings  of  Culluablne  et  al.  (3)*  Ketohua  et  al.  (4),  and  Sawka  et 
al.  (5),  who  reported  rapid  taohyoardia  and  dry  aouth,  and  by  Moylan- 
Jones  (6)  and  Ketohua  et  al.  (4),  who  reported  the  delayed  onset  of 
cognitive  perforaanoe  deoreaents. 

This  lag  in  perforaanoe  deoreaents  when  ooapared  to  the 
physiological  syaptoas  say  perait  the  ailitary  pilot  who  injeots 
atropine  sulfate,  but  has  not  been  exposed  to  a  chemical  agent,  tine 
to  land  safely.  With  higher  levels  of  atropine,  however,  the  lag 
between  atropine  injection  and  physiological  perforaanoe  effeots  is 
reduoed.  If  an  Aray  aviator  injects  4.0  ag  of  atropine  and  experiences 
the  effeots  of  atropine  (e.g.,  taohyoardia  and  dry  aouth),  it-  is 
expected , that  perforaanoe  deoreaents  as  a  result  of  atropine  sulfate 
will  follow.  The  physiologioal  syaptoas  can  be  used  as  an  alerting 
signal  to  the  aviator  to  land  before  a  significant  decrement  in 
perforaanoe  is  experienced. 

The  results  of  the  present  study  should  provide  additional 
information  to  Aray  polioy-aakers  regarding  the  use  of  atropine 
sulfate  in  a  high  risk  obealoal  warfare  situation.  These  results 
should  be  replicated  using  Aray  aviators  flying  Aray  taotioal 
scenarios.  Based  on  the  results  of  the  present  study,  follow-on 
researah  should  concentrate  on  the  higher  doses  of  atropine  sulfate 
(i.e.,  2.0  and  4.0  ag)  and  disregard  the  lower  doses  (i.e.,  0.5  and 
1.0  ag). 
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APPENDIX  A 


CONVERSION  SCALE  FOR  DEB  OMITS 


Parameter  Recorded 

Full  Seale 

Seale  Nuaber 

Turn  Needle  (TC) 

9*00  degrees 

0.0703  X  DEB 

True  Heading 

160  degrees 

0.0055  x  DEB 

Altiaeter  (ALT) 

8000  feet 

0.2441  x  DEB 

Airspeed 

681.8  aph 

0.0208  x  DEB 

Looaliser  (LOC) 

2.5  degrees 

7.63xE-5  x  DEB 

Qlldealope  (OS) 

0.7  degrees 

2.14xB>5  x  DEB 

ADF  Needle 

180  degrees 

0.0055  x  DEB 
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APPENDIX  B 
SYMPTOMS  CHECKLIST 

30BJECT  COOK _ 

DATS _ 

PLIGHT  #  _ 

AVIATION  RESEARCH  LABORATORT 
SYMPTOMS  CHECKLIST  -  ATROPINE  EXPERIMENT 
Please  ooeplete  this  obeok*ist  after  iwry  flight. 

Clrole  the  most  appropriate  symptom  level  for  four  present  condition. 
Plaoe  an  X  through  the  point  which  you  oonaider  "normal"  for  you. 


1. 

Moist  Cool  Skin 

1 

2 

3 

A 

5 

Dry  Hot  Skin 

2. 

Easy  to  Read  this  Checklist 

1 

2 

3 

A 

5 

Hard  to  Read 

3. 

Speaking  Fluently 

1 

2 

3 

A 

5 

Dlffloult  to  Talk 

A. 

Lights  Dark 

1 

2 

3 

A 

A 

Lights  Bright 

5. 

Slow  Heart 

1 

2 

3 

A 

5 

Raoing  Heart 

6. 

Salivating  Excessively 

1 

2 

3 

A 

5 

Dry  Mouth 

7. 

No  Headache 

1 

2 

3 

A 

5 

Head  Hurts 

8. 

LethargLo 

1 

2 

3 

A 

5 

Hyperactive 

9. 

No  Nausea 

1 

2 

3 

A 

5 

Nauseated 

,10. 

Internally  Cala 

1 

2 

3 

A 

5 

Fluttery  Chest 

11. 

Dull  Hearing 

1 

2 

3 

A 

5 

Ringing  Ears 

12. 

Normal  Swallowing 

1 

2 

3 

A 

5 

Difficult  to  Swallow 

13. 

Fatigued 

1 

2 

3 

A 

5 

Energetio 
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APPENDIX  C 

POST-PARTICIPATION  QOB3TIONNAIRB 


1.  a.  Did  you  know  which  week  you  received  tha  highest  dosa? 
b.  Bow  did  you  know? 

o.  Bow  Ions  did  you  faal  tha  affaota  of  that  dosa? 

2  hrs  A  hra  6  hrs  8  hrs  12  hra  2A  hra 

d.  Daaoriba  tha  affaota  you  fait  in  daaoanding  order,  atrongaat 
firat. 

1. 

2. 

3. 

A. 

2.  Daaoriba  any  feelings  of  aantal  ooofuaion  you  had. 

3*  Did  you  ever  faal  out  of  control  after  tha  injeotlons? 

A.  Vara  tha  affaota  you  fait  batter  or  worse  than  you  nad  Imagined? 

5.  Would  you  rue  in  another  aimilar  experiment?  Would  you  encourage 
your  friends  to? 

6.  Can  you  think  of  any  way  to  make  the  experiment  batter?  safer? 

7.  Did  you  faal  you  had  enough  explanation  of  the  effeota/side 
effects  of  tha  drugs  given? 

8.  Can  you  list  any  ohanga  in  procedure  that  could  make  tha 
experiment  easier/ better  on  your  part? 

9.  Did  you  feel  tha  length  of  the  sessions  was  too  long,  too  short  or 
appropriate? 


i 
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